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Charles Sheldon Hastings was descended on both sides from a 
long line of New England ancestry, among whom were an unusual 
number of professional men: ministers, educators, and especially 
physicians. His great grandfather was Dr. Seth Hastings, born at 
Hatfield, Massachusetts, in 1745; he moved to Washington, Con- 
necticut, and here his eldest son, Seth, Jr., was born in 1780. The 
latter moved to Clinton, New York, where he likewise practiced 
medicine, and there his son, Panet Marshall Hastings, the father of 
the subject of this sketch, was born in 1816. He too turned to medi- 
cine as his lifework and became in time the leading physician in the 
town. He was graduated from Hamilton College in 1838, and after- 
ward during his residence at Clinton gave lectures in anatomy and 
physiology at this college. 

In 1843 he married Jane Sheldon, the daughter of Charles and 
Alicia Sheldon of Hartford, who like himself came from a long line 
of New England ancestry. Charles Sheldon was born to them on 
November 27, 1848. Six years later the family moved to Hartford, 
where, until nearly the end of a long life, the father practiced medi- 
cine and kept up his important connections with Hartford hospitals. 

Charles attended the Hartford High School, but undoubtedly a 
good deal of his enthusiasm for science and a good deal of the early 
preparation for what proved to be his lifework came from an un- 
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usually intimate comradeship with his father. In 1867 he entered the 
Sheffield Scientific School at Yale University, being graduated in 
1870. He spent a second term of three years at Yale as a graduate 
student, receiving the degree of Ph.D. in 1873, and an appointment 
to an instructorship in physics. This he resigned in 1875 to spend 
the next three years in study abroad, two of them in Germany at 
Heidelberg and Berlin and one at the Sorbonne at Paris. Few stu- 
dents of his time enjoyed the advantage of contact with so brilliant 
a group of investigators, among them Helmholtz and Kirchhoff. 
To these he was presently to add Rowland, for upon his return to 
America in 1876 President Gilman of the new Johns Hopkins Uni- 
versity thought him worthy to join that remarkable galaxy of schol- 
ars that he gathered around him with such unfailing sagacity, and 
Hastings, then only twenty-seven years of age, was appointed asso- 
ciate professor of physics at that university. Eight years later Yale 
called him home as director of the physics laboratory of the Sheffield 
Scientific School, a post he occupied for thirty-one years until his 
retirement in 1915. 

With so varied an experience to draw from and with so unusual 
a group of eminent masters to form his tastes, it must have been 
difficult to choose a specialty upon which to concentrate. In the end 
the influence of Helmholtz, and perhaps that of his own father too, 
proved paramount; he turned to physiological and geometrical op- 
tics and from the time he came to Yale he pursued these subjects 
almost to the exclusion of all other branches of physics. 

In the late eighties he received a letter from a correspondent in 
Pittsburgh, at that time unknown to him personally, which was to 
prove of the greatest importance in shaping his career. A few years 
before, John A. Brashear and his son-in-law, James B. McDowell, 
had started the ambitious project of establishing their optical fac- 
tory, an undertaking that would have been altogether impossible in 
that day in this country had it not been for the moral and financial 
backing of William Thaw. After some difficult years this venture 
prospered and was soon standing upon its own feet. Its prosperity 
brought with it the necessity for a mathematical expert to take care 
of the demands that the growing sciences of astronomy and astro- 
physics were making upon the ingenuity of these opticians. Brashear 
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put this problem to his friend Professor George F. Barker of the 
University of Pennyslvania, who suggested that he secure the co- 
operation of Hastings. Brashear wrote at once to this effect and 
Hastings accepted. This was just as it should have been. On the 
one hand, it gave Brashear and McDowell the technical advice 
without which they could hardly have developed as they did; and, 
on the other, it gave Hastings precisely the clinic he needed to put 
to use his then unrivaled skill and knowledge in matters optical. 
These three men remained associates until the death of Brashear 
in 1920 and that of McDowell in 1923. Their alliance produced 
among other large instruments the 72-inch reflector at Victoria, the 
30-inch Allegheny photographic refractor, the 26-inch Yale photo- 
graphic refractor at Johannesburg, the Swarthmore 24-inch visual 
refractor, and the Keeler reflector at Allegheny with all its compli- 
cated auxiliary apparatus. They have also provided observatories 
with many wide-field cameras, including the Bruce doublet for 
Barnard at the Yerkes Observatory and the twin 16-inch Bruce 
Camera for Max Wolf at Heidelberg. Almost all the many spectro- 
graphs that were installed in American observatories in the early 
years of this century owe at least something to Hastings’ design, 
and some of them were built entirely by this firm. Spectrographs 
attached to visual refractors necessitate a correcting lens between 
the main objective and the slit, and these Hastings computed with 
great success. For the Allegheny refractor the writer put the con- 
verse problem to Hastings, namely, to design an auxiliary lens that 
would transform the color correction from that of a photographic 
telescope to a visual, without sensibly changing the position of the 
focal plane. This, I think, was the most strikingly successful 
achievement of Hastings and McDowell: they provided a 12-inch 
corrector which is interposed nearly halfway up the tube and which 
gives visual images that I defy any observer to distinguish from 
those obtained directly by a visual objective of the highest quality. 
Among the many other optical problems that engaged Hastings’ 
attention may be mentioned the cause of the various types of solar 
and lunar halos, the design of an Aplanat magnifier (which has 
earned him the gratitude of scientific workers in many fields and in 
all quarters of the globe), better correction for color by the use of 
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two special types of glasses or by three ordinary types, and the opti- 
cal faults of the human eye. 

After his retirement in 1915, Hastings continued for another fif- 
teen years to work regularly in his office at the Sloane Physics Labo- 
ratory. One of the problems that engaged his attention in this pe- 
riod was the improvement of the microscope, especially as regards 
its achromatism. He occasionally spoke with some satisfaction of 
the results he had attained in this direction, but after his death no 
record of what he had done could be found. 

As a teacher, Hastings prepared his lectures with unusual care 
and delivered them in finished form. His experiments in class always 
went off well, and this was in great part due to his own dexterity. 
Professor Beach,’ who worked with him for thirty years, states that 
he never knew anyone who excelled Hastings in manual skill. He 
showed this convincingly in his optical work, finishing, with his own 
hands, lenses up to 5-inch aperture that he needed for his experi- 
ments with new designs for color correction. He was not very ap- 
proachable by undergraduate students. This did not imply any lack 
of sympathetic interest. It was partly the consequence of an austere 
dignity and partly due to his belief that students should themselves 
surmount difficulties without too much aid from the instructor. 
Very seldom, indeed—perhaps never—did any of his colleagues see 
any departure from the admirable calm that characterized him at 
all times. While he would sometimes devote all his energies to the 
solution of a difficult problem, he would never allow himself to be 
hurried or ruffled, but stuck placidly to his last. Few people ever 
saw Hastings at play, something he permitted himself all too seldom. 
I never heard anybody, not even McDowell who was probably his 
most intimate friend, call him by his given name, or address him 
without some title before his family name. But there was, of course, 
another side to him, one that was familiar to the members of his 
family and to some of his colleagues, and one that he was wont to 
show to his friends at Allegheny, whither he went several times a 
year on professional matters. He always came in a holiday spirit. 
Without fail, a game of whist (and he would have none of the mod- 


*T am greatly indebted to Professor Beach for information that I have freely used 
in this account. 
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ern distortions of the game) was arranged for the evenings of his 
stay, to be invariably followed by a modest glass of beer and a good 
talk. He was very fond of a good story and knew how to tell one. 
His was a strikingly handsome figure up to the very end of his life. 
His full shock of hair and his trim mustache had turned white com- 
paratively early, contrasting vividly with his ruddy complexion and 
his tall, soldierly bearing. 

Honors came to Hastings from many quarters. He was elected to 
the National Academy of Sciences in 1889 when he was forty years 
of age, unusually early at that time when the membership was limit- 
ed to one hundred. The same year he was appointed an officier de 
Vinstruction publique in France. He was an honorary member of the 
Societa degli Spectroscopisti Italiani, and a member of the American 
Philosophical Society. In 1926 the Franklin Institute of Philadel- 
phia awarded him a medal for the improvements he had made in 
optical instruments. 

In 1878 Hastings married Elizabeth Tracy Smith, of Hartford, 
Connecticut. They had more than half a century together. Mrs. 
Hastings died in the fall of 1930, after a long illness. Up to about 
that time, Hastings himself had been in excellent health for a man 
of his advanced years, going to his office for at least a little time al- 
most every day. After that, however, he failed rapidly until the end 
came on January 31, 1932. He is survived by his daughter, Mrs. 
Katherine Chittenden, her husband, and their two children. It was 
at their home at Greenwich, Connecticut, that he found the chief 
joy of his later years, and it was there that he passed his last hours. 
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DISCOVERY AND OBSERVATIONS OF STARS 
OF CLASS Be: SECOND PAPER’ 
By PAUL W. MERRILL, MILTON L. HUMASON, anp CORA G, BURWELL 


ABSTRACT 

This investigation is a continuation of that described in Mt. Wilson Contr. No. 294. 

The new data are in Tables I-V. Table I lists 138 stars found to have a bright Ha. 
Of these, 132 are of class B or closely related classes. Most of them are of magnitude 7, 
8,org. Table II records the intensity of bright Ha and of the dark ultra-violet hydrogen 
lines estimated from objective-prism spectrograms. Table III gives observations with 
slit spectrographs of the yellow-red spectral region. Approximate intensities of bright 
Ha and of the dark (detached) D lines are indicated. Data from slit spectrograms of the 
blue-violet region are given in Table IV. The character and intensity of //8, Hy, and 
Hé6 are tabulated, and miscellaneous information is included in the notes. Bright Ha 
and Hf are especially intense in classes Bo—-B3 (Table V). 

The region of the double cluster in Perseus abounds in Be stars; a single objective- 
prism photograph showed 48, of which 27 were not previously known. 

Many faint Be stars appear reddish, an effect, possibly, of space absorption. 


The investigation of bright-line stars of class B, upon which we re- 
ported for the years 1919-1924,” has been continued intermittently 
with essentially the same procedure as that described in the earlier 
paper. 

In order to reach fainter stars, the exposures with the ro-inch 
telescope and objective prism have been increased to approximately 
four hours for a number of the more useful plates. Several observers 
have assisted with the work, and to them we express our thanks. 
The number of objective-prism plates taken since 1919 by various 
observers is as tabulated: 


M.L.Humason....... 240 R. S. Richardson....... 8 
P.W. Merill......... 81 Cs 
ae ee 17 A. L. Buckman....... 5 
foe ee 


Special mention should be made of a remarkable photograph of 
the region of the double cluster in Perseus, taken by Mayall on 
October 24, 1930. This plate, 1417 inches, exposure 4524™, emul- 
sion Ilford Special Rapid Panchromatic, hypersensitized by an am- 

* Contributions from the Mount Wilson Observatory, Carnegie Institution of Washing- 
ton, No. 456. 

2 Mt. Wilson Contr., No. 294; Astrophysical Journal, 61, 389, 1925. 
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monia bath, records a bright Ha line in the spectra of 48 Be stars and 
3 or 4 Other objects. Twenty-seven of these stars were not previ- 
ously known to have bright lines. This plate is probably one of the 
most valuable objective-prism photographs ever made. 

In order to confirm the presence of bright hydrogen lines and to 
bring out more fully the character of the spectrum, all the stars 
showing a bright Ha line on the objective-prism photographs were 
observed with a slit spectrograph attached to one of the large re- 
flectors. Table I lists 131 bright-line stars discovered in this manner 
and, in addition, 7 stars (indicated in the notes) not detected on the 
objective-prism plates but found to have bright hydrogen lines di- 
rectly from observations with slit spectrographs. In several of these, 
the bright Ha is too feeble to attract attention on our objective- 
prism plates. 

In a number of instances slit spectrograms failed to confirm the 
presence of bright hydrogen lines suspected from the objective- 
prism plates. With the exception of two,’ these objects are not men- 
tioned here, although a few may actually have had a bright Ha at 
the time of the objective-prism observation. 

Table I includes 132 stars of class B or closely related classes and 
(at the end) 6 miscellaneous objects with bright hydrogen lines.-The 
numbers in the first column are in continuation of thdse in Table I 
of Contribution No. 294. 

*H.D. 15570. Bright Ha was suspected on an objective-prism plate taken October 
24, 1930. A slit spectrogram, of August 1, 1931, shows HB, Hy, and Hé as dark lines, 
although 18 may perhaps have wide bright borders. AA 4634, 4640, and 4686 (Hem) are 
bright. The type according to Plaskett’s nomenclature is Osf. 

B.D.+56°2630. An isolated bright line which appears to be Ha was seen on an ob- 
jective-prism plate taken on August 17, 1928. Low-dispersion slit spectrograms of the 


blue-violet region, taken on September 21, 1929, and July 16, 1931, do not, however, 
show distinct bright lines. 
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Discovery List OF STARS HAVING THE Ha LINE BRIGHT 

M.W. No. | Star a 1900 5 1900 Mag. Spec. 
96. B.D.+59° 2829 oh 1m | +60° 4’ 9.5 Boe 
97 B.D.+61° 39 o 14.8 +61 54 8.9 B(o)e 
98.. H.D. 6343 © 50.4 +65 26 ee Bse8 
99 B.D.+60° 180 I 5.9 | +60 47 9.4 B(3)e 
100 B.D.+62° 285 I 32.2 +62 57 8.5 B(8)e 
IOI Anon. 1 40.8 | +60 12 r2.2" Bep! 
102 B.D.+60° 358 t 43:7 +60 33 9.0 B(3)e 
103 H.D. 11554 I 48.4 +57 24 9.2 B(3)e 
104 jc HD) 11606 1 48.8 +58 47 7.0 B3e 
105 B.D.+63° 261 I 50.1 +63 33 g.I Be 
106 HD. 12302 I 55.6 +59 12 8.2 B3e 
107 H.D. 230935 4 +58 oO Q.1 B4e 
108. H.D. 12856 2 0.9| +56 38 8.4 B(2)e 
109 HD. 13051 2 2.6 +56 31 8.0 B(o)e 
110. B.D.+57° 515 a S09 +57 13 9.3 B(3)e 
ry. H.D. 13661 2 8,3 +54 4 8.6 B(3)e 
I12 Utrecht 1319T 2 9.0] +56 32 10.8 Be 
113 H.D. 14134 2052.1 +56 40 6.7 cB3ea 
114. B.D.+56° 534 2 12.4 +56 37 g.I Be 
iz. B.D.+56° 550 214.2] +56 51 9.5 Be 
116 B.D.+56° 582 215.3 | +56 50 9.3 B(3)e 
Er? Utrecht 188T 2 16.2 +57 4 10.1 Be 
118. B.D.+58° 458 2 16.2 +58 31 9.4 B(3)e 
IIg BD. 14605 2 16.5 +56 8 O27 B(2)e 
120 B.D.+56° 624 2 19.6 +56 30 0.3 B(2)ea 
121 H.D. 15238 2292 +60 13 8.4 B8ea 
122 Anon. 2 24.6 | +60 56 HO" Be 
123 B.D.+60° 510 2 26.3 | +60 33 9.0 B(g)ea 
124 Anon, 2.37.5 +59 0 12" Be 
125 B.D.+50° 516 2 28.4 | +60 10 9.5 Be 
126 B.D.+58° 492 2 29.3 +58 56 9.5 Be 
127 .| B.D.+57° 607 2 32.8 +57 21 9.5 Be 
128 | Anon. 2 35.0] +60 50 rr.6" Bep 
129 .| B.D.+61° 487 2 42.3 +61 41 9.4 B(o)e 
130 .| B.D.+56° 727 2 44.1 +56 32 9.5 B(5)e 
131 | B.D.+60° 606 2 St 8 +60 12 9.1 Be 
132 .| H.D. — 237060 256.7| +59 2 8.8 B(5)ea 
133 | H.D. — 237091 3 7-3| +59 32 8.8 Be 
134 | H.D. 20017 3 7.9} +48 19 7.9 Be 
135 | 5D, 20134 2 9.1 +59 41 7.5 B2e 
136 | H.D. 237134 3.17.0] +509 54 8.8 Be 
137 | H.D. 21212 3 20.3 +62 9 8.7 Bze 
138 | H.D. 21650 3 24.6 +41 25 7.2 B(s)e 
139 B.D.+61° 623 3 31.0 +61 31 8.7 B2e 
140 | 2D, 23982 3 44.3 +63 II 8.1 B3e 
I4I.. | H.D. 24560 3 49.3 | +44 38 7.8 B(3)e 
142 B.D. 26420 4 89 +41 52 7.6 B3ea 
143.. Anon. 4 11.6 +55 46 ry ge ied Bep! 
144. H.D. 232971 4 23.71 +53 36 9.0 B(s)e 










* Approximate photographic magnitude. The visual magnitude may be brighter because many faint 
Be stars have fairly high color-indices. 
+ The Utrecht numbers are from van Maanen’s monograph, “The Proper Mot ions of 1418 Stars in and 
near the Clusters # and x Persei,” Recherches astronomiques de l’Observatoire d’ Utrecht, 5, 1911. 
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TABLE I—Continued 





























M.W. No. | Star a 1900 | 6 1900 | Mag. Spec. 
TAC coe. | ELD. 237200 453370 | +57°43' | 8.8 B(3)e 
146. | Anon. 4 40.0 +46 3 10.0* Be 
147. | B.D.+41° 974 4 43.2 | +41 30 9.2 Boe 
148. | H.D. 31293 4 49.4 | +30 24 , ei Aoep 
149. | B.D.+41° 1031 454.2] +41 7 9.0 B(3)e 
150 | EAD. 37330 § 32.7| +055 7.2 B8e 
EST, | ED. 37806 5 36.1 | — 2 46 8.6 Aoe 
152 | H.D. 30557 5 48.3 | + o 46 8.9 B(8)e 
153 | H.D. 42054 6 3.5| —34 18 5-9 Bse 
154 | EB. 259440 627.6] + § 5 9.6 B(s)e 
ae | H.D. 250507 6 28.1 + 8 24 8.8 B(3)e 
156 | H.D. 47054 631.6 —5 8 6.8 B8ea 
157 | ED 49977 645.9| —I4 0 7.9 B2e 
158 | BED. 50123 6 46.6 | —31 36 5.6 B8e 
159 | FED, 52244 655.3} —16 3 9.0 Bse 
160 | ED: 52721 6°57:4 —II 9 6.6 B3e 
161 | H.D. 57386 7-186 — 815 8.1 Bse 
162 | ERD. 64109 7 47.2 “4&5 8.3 B(8)e 
163 | ELD. 65079 o EEO +314 7 B3e 
164. | H.D. 65176 7 52.4| — I 20 8.1 B(s)e 
165. | ED. 66700 7 59.6 —3I 24 8.0 B3e 
166. | Eb. QI120 Io 26.1 —13 5 oe Boea 
167. Sg | H.D. 142983 15 52.6 —13 59 4.7 A3sea 
168. | Anon. 16 58.1 — 33 50 re Me es Bep 
169 | BLD. 156325 17 11.8 —32 27 6.4 Boea 
170 S | C.D.—35°11482 17 13.8 —35 39 9.6 Be 
171 | H.D. — 158319 17 23.5 —16 31 8.7 Bse 
172 | ED 159684 17 30.9 —35 17 7.6 B2e 
E72. H.D. 160529 7 3853 —33 27 6.7 cA4ea 
174. Anon. 1730.5 —30 10 REG Bep 
175. | H.D. 162718 17 47.3 —24 45 eens) B(o)e 
176. | H.D. 165285 18 o.1 —I9 58 8.7 B(2)e 
197 | ED. 166188 18 4.4 —18 13 9.4 B2e 
178 | H.D. 166256 18 4.7 +13 28 8.4 Aoe 
170 | B.D.—20° 5060 18 9.7 —20 23 9.0 B(o)e 
180 | H.D. 168135 18 13.2 | —12 29 8.1 B(8)ea 
181 | Anon. 18 22.4| — 355 ¥¥.0” Be 
182 | Anon. 18 24.0] — 6 9 10.0* Bep 
183. | BED. 171012 18 27.3 —18 26 7.0 Boea 
184 | H.D. 171348 18 29.3 —22 10 8.1 B3e 
185 | ERD. 174886 18 47.7 | —I0 21 8.1 B3e 
186. | HD; 177015 18 57.7 —20 16 7.6 B3e 
187. Anon. 19 19.9 +29 28 10.0* Bep 
188. H.D. 184279 19 28.6 + 3 34 6.8 B2e 
189. B.D.+ 5° 4285 IQ 41.3 | 5 44 8.5 Bse 
Igo. B.D.+26° 3723 IQ 51.1 +26 19 8.7 Bse 
IOI. H.D. 190073 19 58.1 5 28 7.9 Aoep! 
192. H.D. 190603 20 0.7 +31 56 Ce Boea 
193. H.D. 228041 20 6.2 +35 12 9.6 B(3)e 
194. | 2D. 228548 20 II.4 +39 40 10.8 B(2)e 
2 ae Anon. 20 13.8 | +36 34 10.0* B(2)e 
196. B.D.+40° 4124 2017.0] +41 2 9.5 B(2)e 
197. rere Anon. 20 19.5 +39 10 10.8* Be 
108. svete f Tee 396335 20 20.0} +37 10 $9 B3e 
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TABLE I—Continued 


















































M.W. No. Star a 1g0o § 1900 Mag. Spec. 
te Oe ELD, 229221 2020™1 +38° 11’ 10.0 Boe 
ere H.D. 194883 20 23.0 +54 22 7.2 B2e 
ree H.D. 195592 20 27.2 +43 59 7.2 Bre 
202. H.D. 195907 20 29.0 +31 19 7.6 B2e 
203 Anon. 20 29.2 +40 19 i327 Bep 
MRR nates es oe HD. 198478 20 45.5 +45 45 4.9 B2ea 
205 FD. 198895 20 48.4 +55 7 8.3 B(2)e 
206 rd. 199478 20 52.4 +47 2 5.8 B8e 
207 HD, 201522 ae, st +46 51 7.8 B3e 
208 . HD. 201733 21 6.4 +45 6 6.5 B(5)e 
200... iskam 203731 21 19.0 +40 16 7.4 Bze 
210 Fae). 204722 QI 26.8 +43 54 7 Ae B3e 
211 HD). 239703 23 31.5 +59 I 9.0 Be 
212.. B.D.+47° 3487 21 32.2 | +47 28 9.1 B3eq 
213. H.D. 235505 aI 34.3 +51 3 8.8 B(2)e 
214. H.D. 208392 2I 50.9 +62 8 ee: B3e 
215 ELD. 235083 21 55.6 +51 55 9.0 B(3)e 
216 H.D. 209296 aI 57.2 +56 14 8.1 B(s)e 
217 H.D. 213088 22 23.9 +52 28 8.2 B(8)e 
218.. H.D. 216057 22 44.6 +53 53 6.1 B8e 
219 H.D. 218393 23 2.6 +49 40 6.8 Var 
990... . 2s H.D. 220058 7 ee a Ais cs Is 8.5 B(a)e 
221 HD. 220116 23 16.1 +57 43 8.8 Bse 
222 H.D. 223387 23 44.0 +56 40 9.2 B(o)e 
223. H.D. 223501 23 45.0 +61 39 8.2 B3e 
224 H.D. 223960 23 48.9 +60 18 7:9 Aoea 
225 H.D. 224055 23 49.7 +61 17 7.2 B2ea 
226 H.D. 225004 23 58.3 +63 5 6.3 B2ea 
Bere tn ee oe H.D. = 225160 23 58.9 +61 40 8.6 O8ea 

Miscellaneous 

228 Anon. 1h30%0 | +53° 45’ 11.0* Pec. 
229 Anon. 6 13.0] +15 19 ti2" Pec. 
230. H.D. 59067,8 7 23.2 —II 21 Ve Gopea 
231 C.D.—30° 5135 7 45.2 —30 53 9.2 Pec. 
232 Anon. 19 46.5 +35 26 F720" Pec. 
Be co 2h Grace ite B.D.+40° 4220 20 28.8 | +40 58 Q.1 Oc 

NOTES TO TABLE I 
No. 


ror. Anon., 40° following and 2’ N. of B.D.+59°318. Southernmost 
cally faintest star of three. 


IIo. 


and photographi- 


B.D.+57°515. HB and Hy were discovered to be bright by A. H. Joy in 1924. 


Bright Ha was later found independently by us on an objective-prism spectro- 


gram. 
113. 


with the grating spectrograph (see Table III). 


IIQ. 


Boss 519, H.D. 14134. A weak bright Ha line was discovered on a plate taken 


H.D. 14605. HB and Hy are bright on a spectrogram taken by G. Strémberg in 


1924, but this observation did not come to our attention until after our later inde- 
pendent discovery of a bright Ha line on an objective-prism plate. 
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122. Anon. First star following B.D.+-60°500 with nearly the same declination. 

124. Anon., 14° following and 4’ N. of B.D.+58°487. North following of two stars 
having about the same photographic brightness. 

128. Anon., 115% following and 1/3 S. of B.D.+60°541. 

143. Anon., 30% preceding and 6’ N. of B.D.+55°866. 

146. Anon., 1% following and 2’ S. of B.D.+46°912. The components of a double to 
the north point toward this star. 

160. H.D. 52721, BG.C. 3795. Probably brighter component. 

166. H.D. 91120. A weak bright Ha line was discovered on a plate taken with a one- 
prism slit spectrograph (see Table III). Remark in HD: “On a photograph taken 
Dec. 16, 1904, the line 78 appears to be double.”’ The Harvard observation might 
be explained by assuming the bright component of H8 to have been much stronger 
than on the Mount Wilson plates (see Table IV), apparently dividing the broad 
dark //8 line into two parts. 

168. Anon., 9% preceding and 9’ N. of C.D.—33°11706. Preceding star of three of 
nearly the same photographic magnitude. 

173. H.D. 160529. Remark in HD: “Bright lines are suspected.”’ 

174. Anon., 51° following and 1/5 S. of C.D.—30°14654. North following and photo- 
graphically fainter of two. 

178. H.D. 166256. Brighter component of 8 G.C. 838s. 

181. Anon., 18 following and 5’ N. of B.D.—4°4470. 

182. Anon., 10% following and 8'5 N. of B.D.—6°4772. It makes a nearly equilateral 
triangle with B.D.—6°4772 and B.D.—6°4773 (Publications of the Astronomical 
Society of the Pacific, 43, 411, 1931). 

187. Anon., 14% preceding and 3’ N. of B.D.+29°3584. Preceding of two stars. 

195. Anon., 8* following and 0'5 S. of B.D.+36°3990. 

197. Anon., 5° following and 8’ N. of B.D.+38°4053. Southernmost of three stars of 
about equal photographic brightness. ’ 

203. Anon., 22° preceding and 3’ N. of B.D.+40°4226. A faint companion is approxi- 
mately 2” N. preceding. 

206. Boss 5389, H.D. 199478. A weak bright Ha line was discovered on a plate taken 
with the grating spectrograph (see Table III). Struve independently suspected 
HB to be bright (Astrophysical Journal, 73, 94, 1931). 

218. H.D. 216057. HB was independently found to be bright by W. J. S. Lockyer 
(Monthly Notices of the Royal Astronomical Society, 91, 259, 1931). 

219. H.D. 218393. See Mt. Wilson Contr., No. 409; Astrophysical Journal, 72, 315, 
1930. 

224. H.D. 223960. A weak bright Ha line was discovered on a plate taken with the 
grating spectrograph (see Table III). 

225. H.D. 224055. A weak bright Ha line was discovered on a plate taken with the 
grating spectrograph (see Table III). 

226. H.D. 225094. A weak bright Ha line was discovered on a plate taken with the 
grating spectrograph (see Table ITI). 

227. H.D. 225160. A weak bright Ha line was discovered on a plate taken with a one- 
prism slit spectrograph (see Table III). The characteristics of the hydrogen lines 
are those which usually accompany the bright lines AX 4634, 4640, and 4686. As 
these bright lines are not definitely seen in this spectrum, however, the classifica- 
tion symbol “‘e’’ is used and the star is included with the Be stars. 
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No. 

228. Anon., 21° preceding and 1’ N. of B.D.+53°340 (Publications of the Astronomical 
Society of the Pacific, 44, 56, 1932). 

229 Anon., 20% preceding B.D.+15°1151 (same declination); 21° following and 7/6 N. 
of B.D.+15°1146. North preceding and photographically fainter of two stars. 

232. Anon., 12° following and 1’ N. of B.D.+35°3825 (Publications of the Astronomical 
Society of the Pacific, 44, 56, 1932). NOTE ADDED TO PROOF: Miss Cannon’s pre- 
vious observation of bright lines (Harvard Bulletin 778) has just come to our 
attention. We regret having overlooked it. The star appears as CI Cygni in R. 
Prager’s Katalog und Ephemeriden veridnderlicher Sterne fiir 1932 (Kleinere Ver- 
offentlichungen der Universitdtssternwarte zu Berlin-Babelsberg, No. 10, 1931). 


Table Ia shows the distribution in apparent magnitude of the Be 
stars in three discovery lists. 
TABLE Ia 
DISTRIBUTION OF Be STARS IN APPARENT MAGNITUDE 





a | Harvard* M.W.} | MW. 
IQI2 1924 1932 
iG a a 
ae. ee ee 6 Sia animale | 
Be SOs. , | 5 | 2 i 
4.0- 4.9.... | 25 7 2 
BN sig co) 5 os 5s wih caste scsaa, | 17 I } 7 
6.0- 6.9.... 13 | 19 9 
7.0- 7.9 6 21 24 
$.0- 8.9.. 6 29 | 37 
9.0- 9.0.. 8 IO 35 
10:..0-50:.0.. 2 | I 9 
II.O-II.9 6 
I2.0-12.9 i. 2 
13.0-13.9 | | I 
88 go | 132 





| | 
* Annals of the Harvard College Observatory, §6, 182, 1912. 
{ Mt. Wilson Contr., No. 294; Astrophysical Journal, 61, 389, 1025. 

Table II, arranged in order of right ascension, gives estimates 
made from objective-prism plates of the intensity of the bright Ha 
and the dark ultra-violet hydrogen lines in these stars. M.W. num- 
bers not appearing in the accompanying Table I refer to Table I of 
Contribution No. 294. The numerical estimates are on the same basis 
as that for Table II of Contribution No. 294. The s:mbol <2 in the 
third column means that Ha was not definitely seen; v indicates 
variable. Our plates fail to show a bright Ha in a few miscellaneous 
objects included because of published reports of bright lines. In 
some of these stars the intensity of the bright lines may have de- 
creased since the earlier observations. 














522s 
E43. . 
¥24... 
ESR... 
¥20.. 
127... 
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INTENSITY | 
ST JATES REMARKS 
AR Bright Dark DATES MARK 
He Hiya | 
J.D. 2420000-+ 
H.D. 108 3 ° 4414, 4821, 5480 
B.D.+509° 2829 Sn) Come eee 4821 
B.D.+61° 8 aM Aer 4414, 4821 
H.D. 698 3 (2) | 4464, 5480, 6276 
BDi-F6t” Sen) faeces 4821 
H.D. 2789 Cae eee | 4414, 4821 
B.D. 5394 4 © | 4414, 4821, 5476, 5480 y Cass. 
H.D. 6343 | 2 2 | 2548, 2578, 4414, 4821, 5476, | 
| | 5480 
B.D.+60° 180 , eee | 4822 
H.D. 7636 | 4 (1) | 4822, 5476, 5480, 6276 
BD. IOS SG2- bes x'ers 4822, 5476, 5480, 6274 
B.D.+62° 271 Yn Spee | 4822, 6274 
Anon. Ya, ee | 6274 
B.D.+62° 285 Se) eee | 4822, 6274 
H.D. 10516 4 o | 5476,6274 ¢ Persei 
Anon. Caen cere | 4822, 5476, 6274 
B:D.--60" 358° | = [e..0«s 6274 
H.D. 232552 | 3v? (0) | 4822, 5476, 6274 B.D.+54°398 
H.D. 11554 eo cterad | 6274 
H.D. 11606 4 I | 4822, 5476, 6274 
B.D +63° 261 ae) eee | 2586, 4822, 6274 
ED). 12302 aan eee 4822, 5474, 5476, 6274 
H.D. = 236935 Be eetece 6274 ; 
| H.D. 12856 3 (0) | 4822, 5476, 6274 
H.D. 12882 3 I 4822, 5476, 6274 
H.D. 13051 3 (0) | 3822, 5476, 6274 
oe ae: 2 ae aes 6274 
.D: 13061 3 (0) | 2233, 2586, 4822, 5474, 5476, 
6274 
Wtrecht. “Fsro-) S  fecsksn 6274 
B.D.+56° 534 Ce) eee 6274 
B.D.+56° 559 4 6274 
B.D.+56° 573 4 6274 
B.D.+56° 582 3 6274 
Utrecht Fee Se Beene 6274 
B.D.+58° 458 2 6274 
H.D. 14605 DS eer 6274 
B.D.+56° 624 an ere 6274 
Hi.D. 15238 y en Oe eee 6274 
H.D. 15325 |<2 ia <3 SA 
ED. 15450 | 3 (0) | 5476, 6274 
Anon. A Pre apes 6274 
B.D.+60° 510 rn eA 6274 
Anon. a ce 6274 
BD-Bs8o: SHG 4 fen aces 6274 
B.D.+58° 492 3 6274 
BDi-se” Gop | 3 [keds 6274 
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M.W. 
No. 


128.. 
120.. 


$30... 
E25... 
122... 


pe ee 
134.. 
rc... 


136.. 
529. 


138.. 


139.. 
’ 


140.. 


tar. 
ca 


142: 


143.. 
144.. 
146... 

oe 
140.. 
147.. 
148.. 
149.. 


e 


6... 
rt... 
18.. 








STAR 


DATES 


REMARKS 








Anon. 
B.D.+61° 487 
H.D. 17505 


B.D.+56° 727 
B.D.+60° 606 
HD. 237060 
H.D. 19243 


H.D. 237091 
B.D. 20017 
H.D. 20134 


H.D. 20336 
jn OR 237134 


ED. 21212 
rH... 21650 
H.D. 22192 
cs oe BO 22298 
B.D.+61° 623 
H.D. 23480 
H.D. 23982 
H.D. 24534 
m.D, 24560 
H.D. 25348 
H.D. 25940 
BD. 26420 
HD. 26906 
Anon. 


H.D. 232971 
H.D. 237299 
H.D. 298066 
Anon. 

B.D.+41° 974 
i.D. 31293 
B.D.+41° 1031 
r:D. 32343 
H.D. 32991 
He. 33152 
H.D. 33232 
H.D. 33401 
Dd. 33604 
H.D. 34921 
H.D. 35345 
H.D. 35439 
H.D. 36576 


nw 


woppt is} 


-> bw 


A 
rs) 


o-, 
HWW WW NW WH WD W 
~~ 
< 
~y 





-_~ 


WSwWwA HD NWR WWWW Ww Sw 











J.D. 2420000+ 
6274 
0274 


4414, 4464, 4493, 5474, 5476, 


6247, 6274 

6274 

6274 

6274 

4414, 4464, 4403, 5474, 5479, 
5918, 6247, 6274 

6274 

6276 

2233, 2578, 4464, 5474, 6247, 
6274 ; 

4414, 5470, 6247 

6274 

2578, 4414, 4464, 4493, 5474, 
6247, 6274 

6270, 0333 

4464, 4493, 5474, 5918, 6276, 
6333 

4464, 4493, 5474, 6247, 6274, 
62760 

6247, 6274 

4848, 6334 

4414, 5474, 0247, 6274 

4848, 5294, 6334 

6323 

4464, 4493, 6247, 6276 


y Persei 


Merope 


X Persei 


4404, 4493, 4936, 5474, 6323 | c Persei 


6323, 0333 
4936, 6276, 6323, 6333 
6247, 6276 

6276 

6247 

6323 

6276, 6323, 6333 
6323, 0333 
5295, 0334 

6323 

6247 

4415, 5295 
4936, 6248, 6323 
4936, 6248, 6323 
6248, 6323 
6248, 6323 
4936, 6248, 6323 
4936, 6248, 6323 
5293, 6338 
4415, 4405 





11 Camelop. 


25 Orionis j 
120 Tauri | 
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INTENSITY | 
ha STAR Bright | Dark DATES | REMARKS 
| Ha | Hyd. | 
| | J.D. 2420000+ | 
To...| ELD. g4nts ae oe 6338 
H.D. 37202 | 3 | 1 | 4415, 4465 ¢ Tauri 
DCO: .| Eee, 37330 ee Cee 6338 
20..| H.D. 37490 2 | (2) | 5293 w Orionis 
21..| H.D. 37057 3 | (a) | 6248, 6275, 6323 
ECt..| EE: 37806 S Lissces | 6338 
22 H.D. 37907 3 | (2) | 4415, 4822 
152..| ELD. 39557 S hesess 6338 
27..| HD. 41117 |<2 | (0) | 4465, 4822 x? Orionis 
H.D. 41335 | 3 | 2 | 5203, 5659, 6338 
153: .| EeoW. 42054 e- fig 4946 
92..| H.D. 42474 @. bissesvh ee 
29..| H.D. 43285 v? | 2 | 4822, 5293, 5650, 6338 
229..| Anon. et itecfena’ 4822, 6340 
H.D. 44458 | 3 | © | 4945 
20:,.| ED. 44637 el Fameeee 4822, 6340 
20. | eee: 45314 3 (1) | 4822, 6340 
32, .| ED. 45542 |}<2 2 4465 v Geminorum 
H.D. 45677 re | Bares 4945, 5296, 6335 
| H.D. 45725 4 I 4848, 5293, 5296, 6338 Brightest comp. 
| B Mono. 
33. .| ERB. 45910 | 4 4822, 4848, 5293, 5659, 6338, 
6340 
24...| EE. 45995 2 2 4465, 4822, 6340 
H.D. 250431 can Sort 4822, 6340 N.G.C. 2247 
rs4..| Eee. 259440 i reer 2624, 6340 , 
rec. .| ELD. 259597 7 a eee 6340 
156..| H.D. 47054 2 3 4848, 5293, 5650, 6338 
H.D. 47129 |<2 (0) | 4822, 4848, 5203, 5659 
H.D. 48917 4 I 4939, 4946, 5052 
ts7..| ELD. 49977 4 (0) | 2700, 5296, 6335 
| H.D. 50013 4 I | 4939, 4946, 5652 x Can. Maj. 
| HD. 50083 3V? (1) | 4848, 5326, 5650, 6337, 6340 
158 | ED. 50123 3Vv? 2 4939, 4946, 5652 
35..| H.D. 50138 | 3 (3) | 4848, 5296, 5326, 5650, 6335 
36..| HED. 50209 an) Peete: 5326, 5653, 6337 
37...| Exoby 51354 2 2 4965, 6340 
| B.D. 51480 a (eee 4848, 5296, 6335 
| H.D. 51585 [ Seen 6340 
159..| H.D. 52244 9 fenweee 5296, 6335 
160..| H.D. 52721 3 | 2 5296, 6335 
| H.D. 53179 ye ae ee 5296, 6335 
| H.D. 53307 2 (0) | 4848, 5296, 6335 
| H.D. 54300 3 I 5652 
38...) ED: 55135 , an See 5296, 6335 
30. | H.D. 55271 2 3 5296, 6335 ; 
H.D. 56014 2 I 4939, 5052 27 Can. Maj. 
H.D. 56139 2 © | 4939, 5652 w Can. Maj. 
| H.D 57150 | 3 2 | 4037, 4938, 4939, 5652, 6334 | v' Puppis 
| | 
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TABLE IIl—Continued 


INTENSITY 














M.W 
STAR DATES REMARKS 
No Bright | Dark 
Ha Hyd 
J.D. 24200004 
101 HD, 57380 2 § 200, 0335, 0335 
H.b shor! 3 | (4) | 4030, §0§2, 5054, 0334 
Hb 65343 a 2 §290, 5054 
Hb g8o78 4 (1) § 200, §0§2, §0§4, 0334 
230 Ht §goo7, 8 { 5200, 0345 
42 H.D,=—13" 2040 2 0346 | 
44..| TLD so778 | <a 6444, 0445 
Ho) Heeb 4 2 4047, dO48, 6052, O4.44 / Puppin 
Il I) Oe845 2 (0) 1006, 6440 
AS HD 02784 ; | (0) 1047, 4048 | 
Hp 64402 2 | @ 6064, O444 | o Puppis 
241 C.D,=— 30" §13§ | (a) O444 
162 HD 64109 2 0347, 0448 | 
163 HD 65070 P) §.4260, 6347, 03348 | 
164. | H.D., O§t76 63438 
H.D 65875 t | §326,0338 | 
105 SOR 66700 | 1038, 6344 
| HD. 68980 | | « | 4037, 4038, 6334 r Puppis 
1607 H.D. 142083 | I 5320 
ope 148184 | I 53206 x Ophiuchi 
iD, 151804 _. 4259, 5004 
H.D. 152408 ° 4250, 5004 
46. .| ELD. 154218 2 4259, 5004 
47..| H.D. 154243 | (1) | 4250, 5064 
168. .} Anon. 5004 


(0) | 4259, 5064 
| ° 4259, 4052, 5004 
| bacewets 4259, 4052, 5004, 5005 
2 | 4652, 5064 
| 1 | 4259, 4652, 5064 
B ave sens 50604 
(1) | 4676 
(0) | 2878, 4652, 5064 


48..| H.D. 154450 
H.D. 155806 
H.D. 155851 
i1.D. 156325 
49..| H.D. 156468 
170..} C.D.—35°11482 
$71, .| tas. 158319 











nak ww ht NwWWwWwWwWHEHHHEHEWWEWEWEWEYH 


2. | HD. 1596084 
50. | H.D. 160095 |< | (o) | 4652 
51..| H.D. 160202 | 2 | 4259, 4652, 5064 
173 | H.D. 160529 cer 4259, 4052, 5004 
52... Mew. 161103 Asan 4259, 4319, 4652, 5064, 5065 | 
MD. s6erg i 4 f..esss | 4653, 4676, 5083, 5474 | XX Ophiuchi 
a fg (es) ¢ Onn (i (eee 2541, 2542, 2877, 2878, 4652, | 


5064, 5065 





53 ...|/9 eke. 161306 | 4 |..... | 4288, 4653, 4676, 4730, 5066, | 

| | 5083 | 

54..| C.D.—27°11944 | 5! | 4250, 4288, 4652, 5064, 5065 | 

H.D. 162586 |<2 | 4652, 5064 | 

£75 ...| eae. 162718 ya eA | 2877, 2878, 4288, 5005 | 

55--| H.D. 163181 3 © | 4652, 5051, 5064, 5005 | 

56..| H.D. 163296 | 3 | 3. | 4288, 4653, 5065, 5066, 5804 | 

ve | H.D. rosacea |) 2 le eck | 4052, 5004 | 
58..| H.D. 163868 | 3 (2) 4652, 5051, 5004, 5005 
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OS 
1st 
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TAR 

HD 104704 
Hp) 104900 
Hb rOgass 
Hb 1OOrRS 
II 1) Poo Iso 
H.W) boO8g00 
Hb) 160000 
H.W) 1OO7 44 
I 1) 20 600 
Hb 1o7402 
Hb 1ON146 
Ih.) 108220 
F.D 108007 
I. 109220 
I l) LOOdS4 
H.D rOgsts 
owe 109805 
\non. 

H.D 170001 
eH 1 170235 
Anon. 

H.D. 171012 
H.D. 171348 
H.D. 172094 
E.D. 173219 
M.D. 174105 
ED. 174886 
HL. 177015 
H.D. 178175 
H.D. 180398 | 
H.D. 181615, 6 


B.D.+14° 3887 
Anon. 
B.D.+22° 3687 


H.D. 183143 
H.D. 183362 
HD. 184279 


B.D.+ 5° 4285 


H.D. 187399 
H.D. 187567 

.| Anon. 

| B.D.+26° 3723 
H.D. 190073 
H.D. 190603 
bE. 227011 
FR: 190944 








TABLE II- 


INTENSITY 
Bright | Dark 
Hyd 
| 
, 
2 4 
(2) | 
5 | 
- | 
a 
4 
2 | (2) 
; | 
] 
2 
3 | 0 
| 
3 | 
a 
3 | 
3 | © 
3 
2 
3 | (0) 
3 | (o) 
(3)vP} (0) 
2 3 
3 2 
2 (o) 
2 | 2 
<2 | @ 
| 
3ve I 
ye Sree 
Ya eee 
@. bixicas 
2 | (0) 
4 | 1 
an Soper eee 
3 (2) 
3 I 
4 2 
5 oe Nae 
3 (o) 
3 3 
i | ° 
Be ocean 
4 | (0) 





4678, 4731, 6247, 6535 


Continued 


DATES 


2420000 + | 


1D. 
| 4310, 40§2, §005, §470 | 
4255, 4310, §005 
4258, 4310, 4053, 5005, 5804 
J288, 4053 
2850 
4255, 4410, §000 } 
$084, §O00 | 
{258, $084, §000, 0807 | 
1288 } 
1082, SORT, S008 
2004, 1258, $064, 0§07 | 
12588, 4064, 6008, S006, 6470 
1288, 4410, 4084, §000, 6804 


| 
0§07 


$054, §o00, §470, 


$084, 5000, 
4288, 4310, 
0507 
4288, 4310, 
0507 
4288, 4310 
5475, 0507 
4319, 5006 
4288, 4310, 5470 
0507 
2411, 
5415, 
4053, 
4288, 
4739, 
5030, 
5030, 5470 
4976, 4732, 5470 
4317, 4329, 4739, 
5383 
4051, 4070, 4732 
4329, 5068, 5090 
4415, 6248 
4329, 4415, 4739, 
4329, 4730, 5090 
0535 
5804 
5068, 
4414, 
4075, 
6535 
5090, 
5068, 5804 
4678, 5090 
4414, 4415, 4678, 6248, 6535 


§000, §470, 


4053, 


4053, 5000, 54790 


54796, 5479 
5470 

5036, 5066, 5. 
5036, 5478, 
5937, 5090 
5479, 0507 


5479 
5068, 5090, 


5090 


5804 
4415, 4730, 5090, 6248 
5068, 5090, 5804 


6248 





167 


REMARKS 


RY Scuti 


v Sagittarii 


B.D.+35°3950 











196 


1Q7.. 


198 


TABLE IIl—Continued 








199. .| 


O2\.. 
201 
202. 
203 


04 


200.. 
210. . 
211 

2t32.. 
213.. 














P. W. 
| INTENSITY 
St | 
| STAR Bright | a 
| | #o | Hyd. 
| | 
H.D. IQI610 | 3 2 
ee. 228041 2 wee 
| H.D. IQIQI7 | 2 (2) 
| £2.3. 192044 | 2 2 
| ED: 192445 | 3 2 
| H.D. 228438 | Vv 
| FLD. 228548 | 3 
| HD. — 193009 | 3 | (1) 
| Anon. Fea Ba 
| H.D. 193182 | 3 iz 
| H.D. 193237 | 4 ° 
| FED: ee ae a re 
| B.D.+40° 4124 | 4 ; 
| H.D. 193911 | 3 2 
| Anon. | 4 oe 
}eD. 194335 3 2 
HD. 220221 | 4 
| H.D. 194883 | 4 
| H.D. 195407 | 4 | (0) 
Brey 195592 | 2 
| 2D: 195907 | 3 
| Anon. 4 foe 
| H.D. 198183 3 2 
| H.D. 198287, 8 4 | 2 
|H.D. 198478; 2 | 1 
| H.D. 198512 | 3. | (0) 
| B.D. 198895 3 
| HD: 199218 2 2 
H.D. 199350 3 | {o) 
| H.D. 200120 | 3v? I 
| H.D. 200775 4 I 
| c@nn 201522 | 2 3 
nD. 201733 2 2 
| H.D. 202904 3 2 
(Es aun 203025 2 I 
| H.D. 203374 4 ° 
H.D. 203467 | 3 I 
| H.D. 203699 |<2 
| ED. 203731 3 
| ELD. 204722 2 I 
| HD. 239703 7 
| B.D.+47° 3487 | 3 Pore 
| H.D. = 235565 | 3 (0) 
| H.D. 206773 Vv ° 
| 





DATES 





FD. 
4414, 4415, 
6248 
4414 
4415, 5090, 


| 4414, 4415, 


4414, 4415, 


| 9535 


4414, 4415, 
0535 

4414, 4415, 
4414, 4415, 
4678, 6535 
6535 

5090, 5805 
4414, 4078 
2579, 2580, 
4678, 0535 
4788, 6247 
4414, 4078, 
2489, 4678, 
2580, 4678, 
2579, 2901, 
4678 


4414, 4678, 5 


4414, 5475 
4731, 4788, 
6247 
2990, 4731, 
0247 
4414, 4078, 
4414, 4078, 
4414, 46078, 
5917, 6274 
5475, 6247 
5475, 6247 

5918 

4789, 5474, 

4731, 4788, 
0274 

4495, 4731, 
6274 

5480 

5475 

5475, 5915 

5479, 6274 

5475 


2420000-++ 


4678 


5805 
4678, 
4678, 


4678, 


4678, 
4678, 


4789, : 


4788, 


4789, 5 
4789, } 
4788, : 


5476, 
5476, 


5476, 


6248, 
0535 


5090, 


6248, 
5918, 


5479, 
5479, 


5479, 





5 
5 
7 


6274 
5917; 


5917, 





| 2996, 4789, 5474, 


4495, 4731, 4789, 
5479, 6274 


5479, 5 
5474, 5 
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REMARKS 


b? Cygni 


B.D.+36°3946 


P Cygni 


\ Cygni 


55 Cygni 


ft Cygni 
N.G.C. 7023 


v Cygni 


6 Cephei 





M.W. 
No. | 


NO NNN ND 


No. 


6. 


104. 
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TABLE I[—Continued 

















| INTENSITY | 
| 
| ea 
STAR as DATES REMARKS 
| | Bright | Dark | , 
; ae | Ha | Hyd. | | 
| | J.D. 2420000+ 
H.D. 207232 |<2_ | = 2_'| 4415, 4780, 5474, 5475, 5015 | : 
H.D. 207757| 5 | (2) | 5480 | B.D.+11°4673 
H.D. 208392 | 3 | +4 | 5476,5479,6274 
ER EY. 208816 | 3 | © | 4495 | Boss 5650 
H.D. 235083 | 2 | | 5474 
H.D. 209206 | 2 5479, 6274 
H.D. 209339 |<2 =| _~—st_s|:«4405, 5476, 5479, 6274 | 
H.D. 212044 | 3 I | 4495, 5474, 5475, 5479, 5479, 


| 5015 

H.D. 212076 | 3 2 | 5480 | 31 Pegasi 
H.D. 213088 | 2 (2) | 5474 
ERT. 214168 | 3 | I | 4415, 5015 | 8 Lacertae 
H.D. 214369 v |......| 4405, 5474, 5476, 5479, 5017, | 

| | 6274 W Cephei 
H.D. 216057 | 3 2 | 5474, 5479 
H.D. 217050 | 3 2 | 4415, 4495, 5474, 5015 
FED. 218393 | 2 (1) | 2647, 4495, 5474, 5915, 6276 | 
H.D. 220058 | 3 (0) | 4821, 5474, 6276 | 
EE: 220116 | 2 | | 2997, 4821, 5474, 5479, 6276 | 
H.D. 223387 | (3) |......| 2548 | 
H.D. 223501 3 2 | 2566, 4414, 4821, 5480 
H.D. 224559 4 | 2 | 4464, 6276 
H.D. 225095 | Vv | 


© | 4414, 4821, 5480, 6276 





NOTES TO TABLE II 


H.D. 9105. See Publications of the Astronomical Society of the Pacific, 34, 180, 1922. 
H.D. 232552, B.D.+54°398. Ha was probably more intense on the last date than 
on the earlier dates, including J.D. 2524, 2586.* 

H.D. 11606. Ha was apparently less intense (estimated 2) on J.D. 2580 and 2586 
than on the dates given in the table. 

H.D. 12882. Ha was possibly weaker on the second date than on the other two. 


H.D. 15325, 8G.C. 1277 Br. Bright Ha is not certainly seen.* 


. H.D. 19243. The observations suggest that the intensity of Ha is subject to rapid 


fluctuations. 


. H.D. 22298. The intensity of Ha was possibly greater on J.D. 2730,* but the 


observation is doubtful. 


. H.D. 25348. Ha was possibly more intense on the last date than on the other three. 
. H.D. 37967. Ha appeared to be more intense than on J.D. 2728, 3104.* 
. H.D. 43285. Ha was probably more intense on the last two dates than on the 


earlier dates, including J.D. 3080.* 


. H.D. 45314. Ha was possibly more intense than on earlier dates.* 


H.D. 50083. Ha was probably less intense on the first date than on the other four. 


* Mt. Wilson Contr., No. 294; Astrophysical Journal, 61, 389, 1925. 
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No. 
158. H.D. 50123. Ha appeared less intense on the last date than on the other two. 


H.D. 161114, XX Ophiuchi. See Mt. Wilson Contr., No. 444; Astrophysical Jour- 


nal, 75, 133, 1932. 
H.D. 173219. Ha was probably more intense on the last date than on the earlier 


dates, including J.D. 2903.* 

73. H.D. 180398. Ha was probably less intense than on J.D. 2938 (Mt. Wilson Contr., 
No. 409; Astrophysical Journal, 72, 98, 1930).* 
H.D. 181615, 6, v Sagittarii. Estimates of the intensity of Ha are: J.D. 4651, <2; 


4676, 33 4732, 3- 

81. H.D. 228438, B.D.+36°3946. Estimates of the intensity of Haare: J.D. 4414, 3; 
4415, 3; 4678, 4; 6535, <2. This variation corresponds to that shown by 1/8 and 
Hy. 

H.D. 200120, f' Cygni. Estimates of the intensity of Haare: J.D. 4414, 2; 4678, 3; 


4788, 2—; 5475, 4; 6247, 3. 
H.D. 206773. Ha was less intense on the first and last dates than on the others, 


including J.D. 2996.* 

88. H.D. 212044. The intensity of Ha may vary slightly, but the estimate of 1 for 
J.D. 2996* appears upon re-examination to be too low. 

95. H.D. 214369, W Cephei. Estimates of the intensity of Ha are: J.D. 4495, 3; 
5474, <2; 5476, 3; 5479, 45 59017, 2; 6274, 2. 
H.D. 225095. Ha was weaker on the first date than on the others, including those 
listed in Mt. Wilson Contr. No. 294. 


Our objective-prism observations extend over more than twelve 
years, and changes in the intensity of Ha are suspected in numerous 
stars. Variations in the width and definition of the images and in the 
photographic excellence of the plates give rise, however, to many 
apparent changes which are difficult to separate from intrinsic 
changes in the stellar spectra. The notes to Table II indicate those 
instances in which changes are strongly suspected. 

The dark sodium lines in the spectrum of No. 231, C.D. —30°5135, 
may originate in the stellar atmosphere; in nearly all the other spec- 
tra they are probably detached. 

We have not systematically observed the Ha region of all the new 
bright-line stars with slit spectrographs, but a number of objects 
were photographed in this region to confirm the presence of bright 
lines or for miscellaneous reasons. These stars are listed in Table III. 
The numbers in the fourth column refer to 10-inch and 18-inch 
cameras used with one-prism spectrographs, while ‘‘G”’ indicates the 
grating spectrograph. The linear dispersions at Ha are approximate- 
ly 320, 150, and 66 A per millimeter, respectively. Because the 
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INTENSITY 
M.W. No. STAR Dat? Disp 
Bright Ha Dark D1,2 
J.D. 2420000+ 

H.D. 5304 5607 18 Vee seri, 
228 Anon. 6617 fe) We lea 
100 B.D.+62° 285 | 6617 | IO WM, asacacert 
106 H.D. 12302 | 5168 | 18 s S 
107 H.D. 236935 6617 | 10 m pr 
112 | Utrecht 1319 6644 10 : pr 
113 Hee: 14134 6232 G vw Vs 
114 B.D.+56° 534 6644 IO S pr 
its B.D.+56° 550 6645 | IO S. 9 ‘Presstesecads 
116 | B.D.+56° 582 6618 IO Sn Shee 
117 Utrecht 188 6645 10 EE Cer ree 
118 .| B.D.+58° 458 6705 IO s s 
120 | B.D.+56° 624 6618 IO ne eee ; 
121. | H.D. 15238 6646 | 18 m pr 
122 Anon. 6645 10 Vs pr 
123 B.D.+60° 510 6676 fe) ie. Brel 
124 Anon. 6645 10 S  Peeeekeucwe 
125 B.D.+59° 516 6677 10 So Bee wh Pues 
126 B.D.+58° 492 6677 10 Se Veron dea: 
127 B.D.+57° 607 6644 IO vs pr 
130 B.D.+56° 727 6705 IO i  3.deeors 
132 | H.D. 237060 6676 fe) i ee saoes 
133 H.D. 237091 6617 IO s pr 
134 H.D. 20017 6646 18 s m 
T30...; BD. 239934 6617 IO Wes  Peanceeeas 
138 | EDD: 21650 6615 18 ee) Reet te ae 
141 | H.D. 24560 6646 18 m pr 
142 | H.D. 26420 6646 18 m m 
144 | HD: 232077 6617 IO WSs FadecsiacSts 
145 H.D. 2372099 6618 fe) Sie ee 
146 Anon. 6644 10 vs pr 
147 B.D.+41° 974 6617 10 vs pr 
149 B.D.+41°1031 6617 fe) Wei, Pewee 
CSO. H.D. 37330 6675 IO So iPecioecnce. 
ISI H.D. 37806 6676 IO Se .ipPeacceans 
153 H.D. 42054 5196 | 18 a | engireaet 
154 H.D. 259440 6617 IO Vs pr? 
155 H.D. 259597 6706 fo) Wik ‘Bvacaecoess 
150 H.D. 47054 5196 18 m pr 
230 H.D. 59067,8 5323 18 We Jioccaoesas 
231 C.D.—30°5135 6706 IO vs vs 
162 HD. 64109 6646 18 Bef ee: 
1622 os H.D. 65079 5580 18 Wied. (iene 
164 ED. 65176 6676 10 Hille jibes 
166 H.D. = g1120 5348 18 We flxccsecsss 
167 H.D. 142983 5385 18 Ws dihpeces 
169 H.D. 156325 5440 18 ee teers eres 
173 H.D. 160529 4723 18 m vs 
178 H.D. 166256 4686 18 Me. Readers 
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TABLE IlI—Continued 
| INTENSITY 
M.W. No. | STAR | DATE | Disp. 
| | | | Bright Ha | Dark Dr,2 
| J.D. 2420000+ | | 

180.. | BED. 168145 | 4723 18 m 
182 | Anon. | 6618 | 10 | VS 
183 H.D. 171012 5440 18 | Vw m 
188 | H.D. 184279 | 5841 18 | m S 
IQI. | H.D. 190073 | 5841 | 18 | S e 
1g2 | H.D. 190603 | 4778 18 Ww s 
194 | H.D. 228548 6618 | rae) | vs 
195. Anon. | 6618 10 | VS 
196 B.D.+40°4124 | 6618 ie) vs! 
201 M.D. iosso2 | 5866 18 | Ww S 
204 H.D. 198478 | 4510 | 18 | vw s 
206 H.D. 199478 | 6168 , G vw VS 
208 H.D. 201733 | 5784 18 | S = 
85 H.D. 203025 | 6170 G | vw VS 
209 H.D. 203731 | 5869 18 S pr 
210 H.D, 204722 | 5869 18 m : 

H.D. 206773 | 4810 18 s vt 
214 | H.D. 208392 | 5866 18 | m pr 
216 | H.D. 209296 | 5813 | 18 | S 
87 H.D. 209409 | 5838 18 | S 
217 H.D. 213088 | 5813 | 18 | S 
219 HD. 218363 =| 4062 G VS 
223 H.D. 223501 4812 18 S 
224 H.D. 223960 | 5895 | G | vw VS 
225 .| H.D. 224055 | 4813 | 18 vw Vs 
226 .| H.D. 2250904 ~~ | 61908 | G vw S 
227 | H.D. 225160 | 4813 | 18 | Ww S 

NOTES TO TABLE III 

No. 


228. 
100. 


rig. 
vie 
I5I. 
22%; 


106. 
107. 


H.D. 5394, y Cassiopeiae. In addition to the very intense Ha line, several faint 
emission lines appear in the red. 

Anon. D3 (He) is bright. 

H.D. 12302. Hais a strong double bright line whose components are 8.0 A apart. 
The component of longer wave-length is about two-thirds as intense as the other. 
The D lines of sodium and D3 of helium are strong, well-defined dark lines. 

H.D. 14134, Boss 519. Haisa narrow bright line of very low intensity. The sodi- 
um lines (detached?) are remarkably intense. 

H.D. 15238. Ha is a double bright line whose components are about 7.5 A apart. 
The component of shorter wave-length appears to be nearly twice as intense as 
the other. 

H.D. 37806. Ha is perhaps double. 

C.D.—30°5135. The great intensity of D1,2 indicates a late-type spectrum. 

H.D. 91120. Ha is a narrow bright line superposed on broad absorption. 

H.D. 142983. Additional dates of observation (grating spectrograph) J.D. 5461, 
6169, 6170, 6498. Bright Ha has two nearly equal components about 7.3 A apart, 
separated by a strong, sharply defined minimum (see illustration in Mt. Wilson 
Contr., No. 432, Pl. IX; Astrophysical Journal, 74, Pl. VIII, 1931). 


. Anon. The forbidden lines of neutral oxygen AA 6300, 6364 are bright (see Publi- 


cations of the Astronomical Society of the Pacific, 43, 411, 1931). 
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tot. H.D. 190073. Additional dates of observation, J.D. 5869 (18), 6169 (G), 6197 
(G). Haisa strong bright line. The D lines of sodium are bright. This is the only 
star aside from novae in whose spectrum the sodium lines have been observed in 
emission. 

192. H.D. 190603. Additional dates of observation, J.D. 5197 (18), 6168 (G). 

201. H.D. 195592. The continuous spectrum is strong in the red as is well shown by 
the objective-prism plates. 

204. H.D. 198478, 55 Cygni. Ha has weak bright edges, the one of shorter wave-length 
being the stronger. 

206. H.D. 199478. D1,2, D3 and the Si 1 lines AX 6347, 6371 are very strong. 

208. H.D. 201733. The separation of the bright components of Ha is approximately 
7.8A. 

85. H.D. 203025, 8G.C. 10898. Ha is a weak double bright line with components 
about 5.0 A apart. Spectroscopic binary (see Sanford, Mt. Wilson Contr., No. 317; 
Astrophysical Journal, 64, 172, 1926). 

219. H.D. 218393. Additional date of observation J.D. 5895 (G). On two plates taken 
with the grating on J.D. 4062 and 5895, Ha is a very intense emission line with a 
narrow, nearly central reversal. Strong D lines give a mean displacement of 
—27 km/sec. These lines may or may not be detached (see Mt. Wilson Contr., 
No. 409; Astrophysical Journal, 72, 98, 1930). 

224. H.D. 223960. D1,2 are very intense. The Sit lines \\ 6347, 6371 are well 

marked. 

5. H.D. 224055. Additional date of observation J.D. 5897 (G). D1,2 are very in- 

tense. The ionized carbon lines AA 6578, 6582 are present. 

226. H.D. 225094. The ionized carbon lines AA 6578, 6582 are present. 


photographs are with different dispersions and on emulsions having 
various degrees of contrast, it is possible to give only a general indi- 
cation of the intensity of the bright Ha line and of the dark D lines. 
The notation in the fifth and sixth columns is as tabulated: 


pr=present s=strong 
w = weak v=very 
m =medium intensity e=emission 


Data concerning HB, Hy, and Hé are given in Table IV, in the 
same form as in Table V of Contribution No. 294. An emission line 
whose classification is uncertain is denoted by ‘“‘E.”’ Additional in- 
formation concerning the blue-violet portion of the spectrum will be 
found in the notes following the table. The notation in the last col- 
umn of Table IV, referring to the spectrograph employed, is as 
shown in the accompanying tabulation: 





Designation Camera Focus|No. of Prisms Telescope | Dispersion at Hy 
18 18 in. I | 60- or 100-inch | 35 A per mm 
10 10 I | 100-inch 70 
7 7 I 60-inch 71 
V 3 2 | 60- or 100-inch 120 
D VI I 2 60- or 100-inch 350 
| 
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TABLE IV 


DATA FROM SLIT SPECTROGRAMS OF THE BLUE-VIOLET REGION 














Hp Hy 5 
STAR SPEc. DaTE* Disp 





M.W.No. 








J.D. 2420000 + 


96 | B.D.+59° 2829 S 2 (SS ja [SP o..| ee 4840 18 
97| B.D.+61° 39 S I G C |.;..| Bloe 5166 10 
98 | H.D. 6343 S I A A |....| Bges 4046 18 
99 ~B.D.+60° 180 DP is | 1... |...) eee 5166 10 
228 Anon. E s |E/4 |E 2 | see: 6617 10 
100 | B.D.+62° 285 ean?! Bae? Ae, 6586 18 
ror Anon. E 5 |EI4 |E 2 | Bep! 5177 D VI 
102 B.D.+60° 358 D? jz VC |.as 4% |.) Bee 6553 18 
103 | H.D. 11554 S I S j-ovsi C |... ..| B@e 6586 18 
104 | H.D. 11606 D I DD \o.8) A. |...) Bae 4046 18 
105 B.D.+63° 261 S 4 | D?ia | De| x] Be 4840 18 
106 H.D. 12302 V A | A B3e 4839 18 
107 | H.D. 230935 an Pappa Pe" A B4e 6588 IO 
108 | H.D. 12856 De j2 |C Cc B(2)e 5601 18 
109 | H.D. 13051 De 1-3 | Del sr 1) B(o)e 5602 18 
110; B.D.+57° 515 S ee Esra B(3)e 3801 10 
rit | .D. 13661 DP j2 ic A B(3)e 4007 18 
114 B.D.4+56° 534 D? | 2 De 2 C Be 6677 IO 
115 | B.D.+56° 559 E 3 ie poe Be 6645 10 
116 B.D.+56° 582 E 2|C & B(3)e 6643 IO 
118) B.D.+58° 458 D? |2/C C B(3)e 6706 10 
119 | H.D. 14605 D? | 2 D?| 1 Cc B(2)e 3804 10 
120 B.D.+56° 624 A \ A B(2)ea 6643 10 
t21 | HD. 15238 1 Un aera "aaa eres (pe B8ea 6554 18 
123 B.D.+60° 510 tes och i ee dc oes 6674 7 
128 Anon. E A |e 132 E 2 Bep 6655 V 
129 B.D.+61° 487 D? | 3 | Dri 2 1 Cri.. B(o)e 6677 10 
130 B.D.+56° 727 S 3 |E |2 \(C)|....| Bigk 6706 10 
131 B.D.+60° 606 De ps Dope psa ns Be 6552 10 
132 | B.D. 237000 an) en Ue A B(5)ea 6642 18 
133 TD, 237001 Re hos. f oe C Be 6588 10 
134 | H.D. 20017 D I A A Be 6702 7 
£35 | d4.D. 20134 D? | 2 D?| 1 A B2e 4047 18 
136 | H.D. 237134 oe ae | les hae 6643 IO 
27 | ED. 21212 S 2 1S 12 1S 1 | B2e 4398 18 
138 | H.D. 21650 De |r |A A |....) Bae 6555 18 
9 | H.D. 22298 D2 Oe) |i so.) A |. +.) ee 4399 18 
139 | B.D.+61° 623 S 4s ae alt 1 | B2e 6674 7 
140 | H.D. 23982 D? | 2 D j} 0.5, A B3e 4511 18 
141 | H.D. 24500 E I Gc ( B(3)e 6702 7 
142 | H.D. 26420 CA) Petter) be A B3ea 6616 18 
B.D. 26906 S I Gi -oiosa | Ae esa 4073 IO 

143. Anon. E SR a | oe 3 | Bep! 6655 V 
144| H.D. 232971 D? | 2 Et A ..| Bos)e 6702 7} 
145 | H.D. 237299 E ¢ 1 |....1©. |...) gage 6702 ‘4 
147} B.D.+41° 974 D? | 2 D | 2 A. |....| Boe 6706 10 
148 | H.D. 31293 peeM tua arerard erect ones Kees ....| Aoep 5524 18 
149 B.D.+41° 1031 E 2 |E|1 |A\....| Bie 6706 10 
18 | H.D. 33004 S 2 |De|1 A |.....| ge 4133 18 
m.D. 35345 5 5 4 |5 3 | Bze 4045 18 





* Additional dates of observation will be found in the notes. 
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Z, | Hé 
x STAR — —_—_—|—_—__——__|__|_ SPEc. DaTE* DIsP. 
= | Ch. | Int. | Ch. | Int.| Ch. | Int. | 
| | | | J.D. 2420000+ 
| H.D. 36576 iD? pects | A Bre 4063 18 
19.| B.D. 37115 Br. | E .| ? | A ..| B(s)e 4157 10 
| Fr.| A 1A | A ..| Ao 2747 18 
150 | H.D. 37330 Ip? |2 {Dirt {A | B8e 6735 10 
21 | joe 37057 | D a2 1¢€ A | B3e 4070 18 
rss | ELD: 37806 D 0.5, A A ..| Aoe 6676 10 
22| H.D. 37907 |S a A he. A | B3e 4133 48 
24 | H.D: 39340 |D? |2 |E | 0-5 A .| B3e 4150 18 
26 | H.D. 39478 D2 |x | Di o.5 A | B2e 4225 18 
152 | H.D. 39557 S 1 |S |o.5)A wal B(8)e 6677 10 
153) ELD 42054 D 1 |A A | Bse 5196 18 
229 | Anon. E sl|E|i4 {£13 | Pec. 5296 DVI 
30 | H.D. 44037 S ae Gane eee 41506 18 
154 | H.D. 259440 D? | 3 | D?| 2 | ..| Bs)e 6677 10 
155| H.D. 250597 | C me ES | A ..| B(g)e 6674 7 
156 | H.D. 47054 1A A | A ..| B8ea 4963 18 
157| H.D. 40977 S 2 1¢€ | A | Be 5348 18 
| H.D. 50083 S a tS 12 1% .| B2e 4155 18 
158 | H.D. 50123 E “Se wer F.. | B8e 4057 18 
36 | H.D. 50209 S 1 |A A | B(s)e 4814 18 
159 | H.D. 52244 S 2 |C | Bse 5602 18 
160 | H.D. 52721 D? |}: |A \ | B3e 5552 18 
| H.D. 54300 (D?)| 2 |(C) | ¢ | B3e 4211 18 
38 | H.D. 55135 D?/3 |Dj\1 {A | Bge 4156 18 
39 | HD. 55271 Br.| D? | 2 | D | 0.5 A | Bse 5253 | 18 
| Bret te. lissch te feee spe | Ao 3809 | 18 
161 | H.D. 57386 D? |2 |Djo-5... ..| Bse 5603 «38 
230| H.D. 59067,8 (A) anf | A | Gopea 5323 18 
43 | HD: 59497 D? |}2 |Dio5 A | B3e 5196 18 
44 | H.D. 50773 Oia [ALES | B3e 5195 18 
45 | H.D. 62753 D? |2 |E (0.5 .| B2e 5603 | 18 
231 | C.D.—30° 5135 E 2 |. shal 2) eG. 6706 10 
162 | H.D. 64109 D nt. a ee c. | B(8)e 6646 18 
163 | H.D. 65079 Dp? }3 |D|{1 {A e.. | Bze 5580 18 
164 | H.D. 65176 E jo.5/C 1C |....| Bégje 6433 10 
165 | H.D. 66700 S 1S 18: bes | B3e 5959 18 
a H.D. gI120 \ Ee | A | Boea 5018 18 
167 | H.D. 142983 A LA |... L A | A3sea 4248 18 
| H.D. 148184 S 4 | S |\4 te 2 | B3e 5068 18 
168 | Anon E 2aiEi3 | 2 | Bep 6538 D VI 
| H.D. 155851 De | 2 | D?| 0.5]... .| Boje 5729 18 
169 | H.D. 150325 Re hese me re ©: ay eet | Boea | 5134 18 
170 | C.D.—35°11482 E an? ee) ee | Be | 5113 DVI 
171| H.D. — 158319 S 1 |A A |....| Bse | 5426 18 
172| H.D. 159084 De |2 |C | .,| Bae 4721 18 
173 | H.D. 160529 RS RRR i, 8 | reer Beco | cA4ea 4339 | 18 
52| H.D. 161103 BD? | bse | Leen oper | Be 4688 18 
53| H.D. 161306 S a 1S | |---b+--] B(o)e 4665 18 
174 | Anon. E 5 E|4 E 3 | Bep 4699 DVI 
175 | H.D. 162718 S a |S 1k he. ...-| Bloje | 5813 | 18 
176| H.D. 165285 S |3 |E|f }----[---: | B(zje | 4666 | 18 
ne oe Ee oe eee ee 
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TABLE IV—Continued 








STAR 








H.D. 166188 
iD. 166256 
H.D. 166566 
B.D.—20° 5060 


EDD, 168135 
Anon. 
Anon. 
H.D. 171012 


B.D. 171348 
HD. 173219 
HD, 174886 
H.D. 175863 
H.D. 177015 
Anon. 

H.D. 184279 
B.D.+ 5° 4285 
Anon. 

B.D.+26° 3723 
B.D. 190073 
H.D. 190603 
H.D. 190944 
H.D. 228041 
H.D. 228438 
H.D. 228548 
Anon. 

H.D. 193516 
B.D.+40° 4124 
Anon. 

HD). 194335 


rb. 229221 
H.D. 194883 
AD. 195592 


HD. 195907 
Anon. 

H.D. 198478 
HD. 198895 
HD. 199478 
H.D. 201522 
.). 201733 
H.D. 203731 
H.D. 204722 
H.D. 239703 
B.D.+47° 3487 
H.D. 235505 
iD. 200773 
H.D. 208392 
PD: 235083 
B.D, 209296 
BaD. 209409 
H.D. 213088 
H.D. 210057 





Hp Hy Hé 
Ch. | Int. | Ch. | Int.} Ch. | Int. 
S ae ee ie a ae 
D |os A A 
S I A mee. 

E 2 |E {1 |(A) 

A pera 3 a paces es 

5 3 E | 2 

EP? | 2e | AP A te 
ra oe Be os en 

D? | 3 De (10.8: .. 

Dr par Me ese 

S 2 1 | a A 

A A A 

Daa VS an fi “a eee p< a Pare 
E 4 /E/}4 |E 3 
A ee 2 eal Coes ape 
D 2 |E /o.s5 A 

E 5 Bw E 4 
De} .2- | PD frou A 

De js | D| 2 A 

i Bae. eee. a ee 
D? | 3 De; 2 | D I 

De?) ie o 

\ fan eee Lies Papert (oes sce 
E 2) GB ten pC 

E 2 (oe jak ee 

1 a eters [> A 

E ae Wee Se seen baton 

E 4/E/3/E 2 
Do Oss fee ss 

E 3 B | 2 E 2 
De }2/sA A 

E BAS lee oe 

S 2 1D ae 

E Cay Oa oi ees) nee 
PS Weccccieek. feaacch ee 

Dalia Ris aaa fe! gl Gs al Bees Pace 
ro Saat Pe fs A 

De ae a A 

| DR Bo. eo Ge am U5 

D 2 | D |} os A 

De ja rae eae |e 

Dr ls 1 € Rae? 

P 3 P j2 P I 

DP is 1B Me) fechas 
Co ee ..| A 

S I S |oe.5 A 

E Os A. foo...) A 

D I Djio.s A 

D I A ie. 

D 0.5, A mie 





B2e 


Aoe 


B2e 
B(o)e 
B(8)ea 
Be 
Bep 
Boea 
B3e 
Bre 
B3e 
B3e 
B3e 
Bep 
B2e 
Bse 
Pec. 
Bse 


Aoep! 


Boea 
B2ep 
B(3)e 
Boe 
B(2)e 
B(2)e 
Br 
B(2)e 
Be 
B3e 
Boe 
B2e 
Bre 
B2e 
Bep 
B2ea 
B(2)e 
B8e 
B3e 
B(5)e 
B3e 
B3e 
Be 
B3eq 
B(2)e 
B(3)e 
B(3)e 
B(3)e 
B(5)e 
B8e 
B(8)e 
B8e 





J.D. 2420000+ | 


729 
4086 
5068 
4739 
4723 
6527 
0527 
4318 
46089 
4047 
5103 
4273 
5103 
0534 
5841 
5134 
6643 
5134 
5489 
4778 
4399 
6492 
4756 
6644 
6045 
5114 
6044 
4070 


On hn hun 
InN OUMNLhwAIMN 
mW on un ¢ 
YA 
© 


oo 


Uw wooun 


Un 





M.W.No. 1} 


219 
220 
221 
222 
223 
224 
225 
220 
227 


No. 


96. 
Q7- 
98. 


Qo. 
228. 


100. 
IO!. 


102. 


103. 
104. 
105. 
100. 


108. 
109. 
TIT. 
114. 
118. 
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TABLE IV—Continued 











HB Hy Hé 
STAR SS nee oe SPEC. DATE* Disp. 











| J.D. 2420000+ 


HB: 218393 D V (A) \ Var 3299 1S 
ED. 220058 E |a | € ( B(z)e 5103 18 
H.D. 220116 D? | 2 Djio.5 ¢ Bse 4399 18 
ELD). 223387 De te |B ta ( B(o)e 4399 18 
H.D. 223501 D? | 1 D: | ons) -&. |....| Boe 4724 18 
H.D. 223960 A |. A lec) & fc} ASea 6264 18 
H.D. 224055 A |..../A \ B2ea 4813 18 
H.D. 225094 A Sane. \ B2ea 6261 18 
H.D. 225160 \ \ \ O8ea 4813 18 








NOTES TO TABLE IV 


B.D.+59°2829. The velocity derived from HB and Hy is —65 +km/sec. 
B.D.+61°39. H and K are strong. 

H.D. 6343. J.D. 6525 (18). HB is a weak emission line centrally superposed on a 
broad, intense absorption line. 

B.D.+60°180. The dark lines are weak. 

Anon. J.D. 6655 (V). The spectrum is very peculiar. Several bright lines in addi- 
tion to those of hydrogen are present. These include A 4363 [O 111], \ 4686 He 11, 
and other nebular lines. The continuous spectrum shows the dark bands of titani- 
um oxide (Publications of the Astronomical Society of the Pacific, 44, 56, 1932). The 
spectrum will be more fully described in a future Contribution. 

B.D.+62°285. J.D. 6617 (10). Perhaps a very weak bright portion at Hp. 
Anon. The bright hydrogen lines are very intense and numerous. Other bright 
lines are outstanding even with low dispersion. Chief among these are ionized iron 
lines (with the forbidden lines relatively strong as in n Carinae) and the nebular 
line of unknown origin, \ 4658, with its companion line, \ 4701. 

B.D.+60°358. J.D. 6586 (18). The spectrum is nearly continuous and the classi- 
fication uncertain. 

H.D. 11554. The plate is poor and the type uncertain. 

H.D. 11606. The measured separation of the bright components of /78 is 4.6 A. 
B.D.+63°261. Aside from the hydrogen lines, the spectrum is nearly continuous. 
H.D. 12302. J.D. 5168, 5253 (18). The hydrogen lines show slight changes pos- 
sibly similar to those in @ Persei. A weak bright edge on the violet side of the nar- 
row dark H8 was less distinct on J.D. 4839 than on the other dates. Dark H and 
dark Hy are narrow; they appear more intense on J.D. 5168 than on the other 
dates. The velocity derived from the dark lines is probably variable. Measured 
values are J.D. 4839, —9.2 km/sec.; J.D. 5168, —7.9; J.D. 5233, +7.7. 

H.D. 12856. The dark lines are weak and diffuse. 

H.D. 13051. The dark lines are weak. HD: “The lines are barely seen.” 

H.D. 13661. The dark lines are weak. 

B.D.+56°534. The dark lines are weak. 

B.D.+58°458. The type is uncertain. Aside from the hydrogen lines, the spec- 
trum is nearly continuous. 
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No 

IIQ 
121 
128 


129. 
130. 
T2%, 


Q. 


144. 


145. 
148. 


149. 


18 


IQ. 


. H.D. 14605. The type is uncertain. 

ee: 25238. J:D.6348: (7); 

. Anon. J.D. 6598, 6629 (D VI). H8, Hy, and Hé are strong bright lines. Several 
indistinct maxima in the continuous spectrum may be additional bright lines. 
B.D.+61°487. The dark lines are weak and the type is uncertain. 
B.D.+56°727. The spectrum is narrow and the type uncertain. 

B.D.+60°606. No dark lines are definitely seen in the narrow spectrum and the 
type is uncertain. 

H.D. 237060. The dark lines are weak and diffuse. 

H.D. 237091. The dark lines are weak. 

H.D. 20017. Aside from the hydrogen lines the spectrum is nearly continuous. 
H.D. 237134. H8 is indistinct, but probably consists of a weak bright line super- 
posed on a wide dark line. Aside from the hydrogen lines the spectrum is nearly 
continuous. 

H.D. 21212. J.D. 5168 (18). The radial velocity is —7.1 km/sec. 

H.D. 21650. Hy is a very wide dark line apparently with a narrow central core. 
This appearance is probably caused by the superposition of a double bright line 
of low intensity. The lines other than those of hydrogen are very weak and diffuse 
and the type is uncertain. 

H.D. 22298. The spectrum is probably the same as on J.D. 2926.* HD: ‘The 
lines are wide.” 

Anon. J.D. 6629 (D VI). The bright hydrogen lines are very strong, and, in 
addition, the lines of neutral helium are bright. 

H.D. 232971. Aside from the hydrogen lines, the spectrum is nearly continuous 
and the type uncertain. 

H.D. 237299. The spectrum is narrow and the type uncertain. 

H.D. 31293. Numerous plates between J.D. 5523 and 6315. The structure of the 
hydrogen lines is peculiar and variable. At //y an intense dark core changes its 
position relative to the wide diffuse wings. A detailed description will be given ina 
future Contribution. 

B.D.+41°1031. The dark lines are weak. 

H.D. 33604. J.D. 5526 (18). The bright components of the hydrogen lines do not 
seem quite so strong as on J.D. 2690,* but the difference is not marked. The meas- 
ured displacements of various lines on the same plate do not agree and there ap- 
pear to be changes from plate to plate. The star may be a spectroscopic binary. 
H.D. 35345. J.D. 4399 (18). The bright hydrogen lines are unusually narrow and 
intense. The spectrum resembles that of x Ophiuchi (H.D. 148184), but the 
bright lines are even sharper. The dark helium lines are fairly well defined. The 
radial velocity derived from the bright hydrogen lines is o km/sec. 

H.D. 36576, 120 Tauri. The dark lines are weak and diffuse. The spectrum 
seems to be the same as on J.D. 2973.* HD: “HB is a well-marked bright line 
superposed on a faint dark band. Hy appears to be double, consisting of two 
equal dark portions. The central line is of the same intensity as adjacent portions 
of the continuous spectrum. H6 and He are very wide. The helium lines are not 
wider than normal.” 

H.D. 37115 Br., 8G.C. 2850. As nearly as can be judged from this overexposed 


plate, the spectrum is the same as on J.D. 2626.* 


* Mt. Wilson Contr., No. 294; Astrophysical Journal, 61, 389, 1925. 


30. 


150. 
100. 


39. 


230. 
43. 
44. 
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H.D. 37115 Fr. J.-D. 4157 (10). 


50. H.D. 37330. The dark lines are wide and diffuse. The companion star, H.D. 


37342, observed on J.D. 6734 (10) is of type B8. 


. H.D. 37657. The spectrum appears to be the same as on J.D. 2694.* 
. H.D. 37806. J.D. 6736 (10) HB is probably a broad, weak dark line with a central 


core whose edges are marked by weak emission. H/y and Hé6 have strong well- 
defined central minima with weak wings which extend for several angstroms on 
either side. 


. H.D. 37967. The spectrum is much the same as on J.D. 2746,* but bright HB 


may be slightly stronger. 


. H.D. 39340. The spectrum appears the same as on J.D. 3808.* 

. H.D. 39478. The spectrum is probably the same as on J.D. 2953.* 

. H.D. 42054. J.D. 5524 (18). 

. Anon. The bright hydrogen lines are extraordinarily intense. The type is uncertain. 
. H.D. 44637. J.D. 5256 (18). He \ 4471 seems narrower on J.D. 4156 than on 


.D. 2748* but intermediate on J.D. 5256; the change may not be real. The hydro- 
/ be al” haat p a 
gen lines are probably the same on all three dates. 


. H.D. 259440. The dark lines are weak and the type is uncertain. 
. H.D. 259597. The dark stellar lines are indistinct. K is sharp. 
. H.D. 47054. J.D. 5196 (18). The dark lines are diffuse; with the exception of the 


Balmer series, they are weak. 
H.D. 50083. J.D. 6642 (18). The structure of the hydrogen lines may be slightly 
different from that on J.D. 3725.* 


3. H.D. 50123. J.D. 6736 (18). The central absorption of the hydrogen lines is less 


intense on the second date. HBEr appears on both; HBEv is apparently absent 
on J.D. 4957, and on J.D. 6736 has perhaps one-third the intensity of Er. There 
may be slight changes in other features of the spectrum. 

H.D. 50209. The dark lines aside from those of hydrogen are weak and the type 
is uncertain. The spectrum is probably the same as on J.D. 2694.* 

H.D. 52244. HD: “The line K is strong for this class.” 

H.D. 52721, 8G.C. 3795. Combined spectrum of both components. 

H.D. 54309. The plate was taken for the ultra-violet. The Hf region is over- 
exposed and out of focus, but a bright 178 is clearly visible. 


. H.D. 55135. The dark lines are diffuse. The spectrum is probably the same as on 


J.D. 2720." 

H.D. 55271, Br. 8G.C. 3887. The dark lines are very wide. The spectrum is prob- 
ably the same as on J.D. 2718.* 

H.D. 59067, 8. HD: “The spectrum is composite.” 

H.D. 59497. The spectrum is apparently the same as on J.D. 2980.* 

H.D. 59773. The spectrum is nearly the same as on J.D. 3038,* but the bright HB 
may be slightly weaker. There are traces of bright components within the broad 
dark Hy line. 


. H.D. 62753. On J.D. 3810 and 5603 the bright components of 18 had nearly 


equal intensity. On J.D. 3036, the component toward the violet was the stronger. * 


. C.D.—30°5135. J.D. 6736 (10) The type is uncertain,but is apparently later than 


A. Both plates are underexposed. 


. H.D. 64109. J.D. 6433 (10) The dark lines are weak and diffuse and the type is 


uncertain. 
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H.D. 65079. J.D. 5601 (18). The violet component of bright //y is the stronger. 
At 8 the two components are not separated, but the one toward the violet ap- 
pears to be the stronger. Traces of bright components can be seen within the 
dark H6 line. 

H.D. 65176. The blue-violet spectrum is nearly continuous and the type uncer 
tain. HD: “The spectrum is nearly continuous.” 

H.D. 66700. Bright HB is unusually narrow. 

H.D. 91120. J.D. 5348, 6736 (18). Remark in 7D: “Ona photograph taken Dec. 
16, 1904, the line 18 appears to be double.”’ This observation might be explained 
by assuming the bright component of 76 to have been much stronger than on the 
Mount Wilson plates, apparently dividing the broad dark 1/8 line into two parts. 
H.D. 142983. J.D. 4638, 5385 (18). 

H.D. 148184, x Ophiuchi. 

H.D. 155851. The dark lines are very weak and the type is uncertain. 


. H.D. 156325. J.D. 5440 (18). The dark H@ is weak as if partially neutralized by 


emission. 


. H.D. 160529. J.D. 4666, 4723 (18). Classified Oe5 by Harvard. HD: ‘The line 


K is strong for this class.’’ The spectrum is like that of a Cygni. The dark 1/8 line 
is weak as if partly neutralized by emission. The spectrum may have changed 


since the Harvard observation. 


. H.D. 161103. The plate is underexposed. The spectrum is probably the same as 


on J.D. 2914.* 


. H.D. 161306. The spectrum is nearly the same as on J.D. 2913,* although it is 


possible that the lines are slightly narrower. 

H.D. 162718. J.D. 4337 (10). The dark lines are weak and the type is uncertain. 
H.D. 165285. The plate is underexposed and the type uncertain. 

H.D. 166256. J.D. 4636 (10). The dark lines other than those of hydrogen are 
very weak. 

H.D. 166566. Bright H@ is very narrow. It appears narrower than on J.D. 2917,* 
but this may be a photographic effect. The dark helium lines are strong, particu- 
larly » 4388. 

B.D.—20°5060. The dark lines are weak and the type is uncertain. 

H.D. 168135. J.D. 4636 (10). The lines other than those of hydrogen are weak 
and the type is uncertain. 


. Anon. The spectrum is narrow and underexposed and appears nearly continuous. 


HB is probably bright but is not outstanding. Hy is probably dark. 


. H.D. 171012. J.D. 5440 (18). The dark lines are strong. 
. H.D. 175863. J.D. 4638 (18). HB is essentially an absorption line. Bright por- 


tions, if present, are extremely weak; they have evidently decreased in intensity 
since J.D. 2570.* Probably the intensity grew gradually less from 1920 to 1926. 
H.D. 184279. The dark hydrogen lines are narrow. HB may have very weak 
bright edges. H and K are strong. 

B.D.+5°4285. The violet component of bright 1 is the stronger. The dark Hy 
line contains a narrow weak maximum which is probably the violet component of 
a double bright line. 

Anon. The spectrum is very peculiar. Besides the bright hydrogen lines, bright 
helium lines including the ionized line at \ 4686 are superposed on a weak continu- 
ous spectrum which shows absorption bands of titanium oxide (Publications of the 








gl. 


192. 


193. 
St. 


194. 
195. 


190. 
198. 


203. 


204. 


205. 
200. 


208. 


200. 


DISCOVERY AND OBSERVATIONS OF CLASS Be STARS 181 


Astronomical Society of the Pacific, 44, 56, 1932). The spectrum will be more fully 
described in a future Contribution. 

H.D. 190073. Several plates between J.D. 5489 and 6529. Numerous lines of 
ionized iron are bright. The structure of the H and K lines is abnormal; a strong 
dark component is displaced 2 or 3 A toward the violet. The peculiarities of this 
spectrum, which include bright sodium lines, will be described in a future Contribu- 
tion. 

H.D. 190603. J.D. 5197, 6137 (18). Dark 8 is weak and perhaps has a trace of 
emission on the red side. H and K are strong. 

H.D. 190944. The spectrum is slightly peculiar. It contains numerous indistinct 
bright lines, several of which can be identified with ionized iron. HD: ‘The line 
H8 is bright. The dark lines are indistinct, perhaps due to the faintness of the 
star.” 

H.D. 228041. The dark lines are weak and the type is uncertain. 

H.D. 228438, B.D.+36°3946. J.D. 6585 (18). On J.D. 4756, the spectrum is nar- 
row and underexposed, but bright //@ is clearly seen and is at least as strong as on 
J.D. 2917. There is a trace of bright Hy. On J.D. 6585 a marked difference is 
seen. 178 and Hy are now dark lines. (On objective-prism plates taken in 1925 
and 1926, Ha is a strong bright line, while on a plate taken in 1931, Ha is not 
seen [see notes to Table IT].) 

H.D. 228548. The dark lines are weak and the type is uncertain. 

Anon. The dark lines are very weak and the type is uncertain. 

H.D. 193516. Bright H8 seems to have disappeared since the Harvard observa- 
tions. (Bright Ha is not seen on objective-prism plates taken in June, 1926, and 
July, 1931.) The radial velocity from the slit spectrogram on J.D. 5114 is —75 
km/sec. Possibly the star is a spectroscopic binary. 

B.D.+40°4124. The dark lines are very weak and the type is uncertain. 

H.D. 194335. Re-examination of a plate taken by W. S. Adafhs on J.D. 1094 
shows 6 to be a weak double bright line. 


. H.D. 195592. J.D. 5866 (18). The dark lines are well defined. The spectrum has 


a general resemblance to that of H.D. 183143, although of an earlier type (Mi. 
Wilson Contr., No. 409; Astrophysical Journal, 72, 98, 1930). HD: ‘The lines are 
very faint and indistinct.”” The spectrum may have changed since the Harvard 
observations. 

Anon. In addition to the hydrogen lines, the bright nebular line at \ 4658 is well 
marked and the companion line \ 4701 is visible. Bright lines of neutral helium 
also are present and possibly \ 4583 of ionized iron. 

H.D. 198478, 55 Cygni. J.D. 6163 (18). H and K are sharp. The other dark lines 
are also well defined. 

H.D. 198895. The spectrum is narrow and the type not well determined. 

H.D. 199478. Very weak bright components may be present at 7, but the ob- 
servation is uncertain. 

H.D. 201733. J.D. 6554 (18). Dark cores of H8, Hy, and Hé are strong and well 
defined. \ 4481 Mg appears to be weaker on J.D. 6554 than on J.D. 5784. The 
type may be earlier than Bs. 

H.D. 203731. The separations of the bright components are: H8, 3.6A; Hy, 
4.1 A, 








182. P. W. MERRILL, M. L. HUMASON, AND C. G. BURWELL 


No. 

211. H.D. 239703. The spectrum is narrow and aside from the bright 8 line appears 
practically continuous. The type is uncertain. 

212. B.D.+47°3487. The spectrum is of the P Cygni type. 

H.D. 206773. On J.D. 2955 and 3947,* the two bright components of both Hy 
and Hé have nearly equal intensity, but on a plate taken by R. F. Sanford on 
J.D. 6642 the violet components of both lines are much the stronger. 

214. H.D. 208392. J.D. 5866 (18). The dark lines are weak. 

216. H.D. 209296. J.D. 6586 (18). The dark lines are weak and the type is uncertain. 

87. H.D. 209409, o Aquarii. The bright components of 1/8, 4.0 A apart, are separated 
by a well-defined minimum. 

217. H.D. 213088. J.D. 6588 (10). The dark lines other than those of hydrogen are 
weak and the type is uncertain. The bright components of 1/8 are approximately 
4.8 A apart. 

218. H.D. 216057. The wide, dark 1/8 line has a narrow core, the effect probably of 
traces of bright components. 

219. H.D. 218393. Numerous plates between J.D. 3299 and 5895 (see Mt. Wilson 
Contr., No. 409; Astrophysical Journal, 72, 98, 1930). 

220. H.D. 220058. The dark lines are weak and the type is uncertain. 

221. H.D. 220116. Bright H8 is probably double, with the violet component much the 
stronger. 

222. H.D. 223387. The dark lines are weak and the type is uncertain. 

223. H.D. 223501. J.D. 4812 (18). H and K are sharp. 

225. H.D. 224055. J.D. 6613 (18). The dark hydrogen lines are narrow and fairly 
strong with the exception of 18, which appears to be partially neutralized by 
emission. HD; “The lines are poorly defined.” 

226. H.D. 225094. J.D. 6611 (18), 6612 (V). The lines are unusually narrow. H and K 
are strong. 

227. H.D. 225160. The radial velocity is — 26 km/sec. (see also notes to Table I). 


GENERAL REMARKS 


Table V shows that the average intensities of bright Ha and HB 
(computed from individual values in Tables II and IV of the present 
article and Tables II and V of Contribution No. 294) are higher in 
spectra of classes Bo-B3 than in those of earlier or later subdivisions. 
This might be expected from the fact that emission-line stars are 
especially numerous in classes Bo-B3. The low values for class B1 
have no obvious explanation. The slightly high values for classes 
Ao~A4 are based on meager and unhomogeneous material and prob- 
ably do not indicate typical behavior of the lines in these classes. 
Spectra classed as ‘peculiar’ have very intense bright lines; or, in 
other words, many spectra with unusually intense bright hydrogen 
lines differ also in other features from the standard types. The last 
column in Table V gives the average intensities of the dark ultra- 
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violet Balmer lines, particularly H¢—-Hx, as estimated from the ob- 
jective-prism plates. The values progress with spectral subdivision 
as one would expect, except the value for B8—Bg, which is slightly 
less than that for B4-B6. The reason for this exception is not clear. 

The red color of faint Be stars has repeatedly attracted our atten- 
tion at the telescope, and we have occasionally recognized the effects 
of the exceptional color in the photographed spectra. The photo- 


TABLE V 


AVERAGE INTENSITIES OF HYDROGEN LINES 





























Bricut Ha Bricut HB | Dark U.V. 
SPECT. = aaa — 

Int No. Int | No. Int No. 
O6-Og. 2h 7 1.0 } 4 O.1 7 
Bo 2.4 25 2.0 | 20 0.2 14 
Br 2.7 13 EJ 17 0.6 7 
B2 3.0 55 a: | 44 0.8 36 
B3 2.9 60 1.6 | 4I 5.3 48 
B4-Bo. | 2.54 35 KA, 20 1.9 22 
B8-Bo 2.4° 2 0.5 | 21 1.8 18 
Ao-Aq... | 2.7 8 0.8 | 5 4.3 3 
Peculiar . 4.0 26 4.1 | 18 0.8 5 











electric observations of Elvey' and Stebbins? have shown many faint 
B-type stars to be highly colored, and it will therefore be important 
to determine whether the effect has any relationship to the presence 
of emission lines. Interstellar absorption may account for all in- 
stances of color excess, but this is not yet certain. 


A catalogue and bibliography of all known Be stars and similar 
objects of classes O (not including Wolf-Rayet stars) and A is in 
preparation for early publication as a Mount Wilson Contribution. 
Observers are invited to send in lists of references as well as notes on 
unpublished discoveries in order that the data may be as complete as 
possible. 

CARNEGIE INSTITUTION OF WASHINGTON 


Mount WILSON OBSERVATORY 
March 1932 


Astrophysical Journal, 74, 298, 1931. 2 Unpublished. 
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No. 
211. H.D. 239703. The spectrum is narrow and aside from the bright 1/8 line appears 


practically continuous. The type is uncertain. 

212. B.D.+47°3487. The spectrum is of the P Cygni type. 

H.D. 206773. On J.D. 2955 and 3947,* the two bright components of both Hy 
and Hé6 have nearly equal intensity, but on a plate taken by R. F. Sanford on 
J.D. 6642 the violet components of both lines are much the stronger. 

214. H.D. 208392. J.D. 5866 (18). The dark lines are weak. 

216. H.D. 209296. J.D. 6586 (18). The dark lines are weak and the type is uncertain. 

87. H.D. 209409, o Aquarii. The bright components of H/8, 4.0 A apart, are separated 
by a well-defined minimum. 

217. H.D. 213088. J.D. 6588 (10). The dark lines other than those of hydrogen are 
weak and the type is uncertain. The bright components of #8 are approximately 
4.8 A apart. 

218. H.D. 216057. The wide, dark Hf line has a narrow core, the effect probably of 
traces of bright components. 

219. H.D. 218393. Numerous plates between J.D. 3299 and 5895 (see Mt. Wilson 
Contr., No. 409; Astrophysical Journal, 72, 98, 1930). 

220. H.D. 220058. The dark lines are weak and the type is uncertain. 

221. H.D. 220116. Bright H8 is probably double, with the violet component much the 
stronger. 

222. H.D. 223387. The dark lines are weak and the type is uncertain. 

223. H.D. 223501. J.D. 4%12 (18). H and K are sharp. 

225. H.D. 224055. J.D. 6613 (18). The dark hydrogen lines are narrow and fairly 
strong with the exception of H8, which appears to be partially neutralized by 
emission. HD; ‘The lines are poorly defined.” 

226. H.D. 225094. J.D. 6611 (18), 6612 (V). The lines are unusually narrow. H and K 
are strong. 

227. H.D. 225160. The radial velocity is — 26 km/sec. (see also notes to Table I). 


GENERAL REMARKS 


Table V shows that the average intensities of bright Ha and HB 
(computed from individual values in Tables II and IV of the present 
article and Tables II and V of Contribution No. 294) are higher in 
spectra of classes Bo-B3 than in those of earlier or later subdivisions. 
This might be expected from the fact that emission-line stars are 
especially numerous in classes Bo-B3. The low values for class B1 
have no obvious explanation. The slightly high values for classes 
Ao-Agq are based on meager and unhomogeneous material and prob- 
ably do not indicate typical behavior of the lines in these classes. 
Spectra classed as ‘peculiar’ have very intense bright lines; or, in 
other words, many spectra with unusually intense bright hydrogen 
lines differ also in other features from the standard types. The last 
column in Table V gives the average intensities of the dark ultra- 
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violet Balmer lines, particularly H¢—Hk, as estimated from the ob- 
jective-prism plates. The values progress with spectral subdivision 
as one would expect, except the value for B8—Bg, which is slightly 
less than that for B4-B6. The reason for this exception is not clear. 

The red color of faint Be stars has repeatedly attracted our atten- 
tion at the telescope, and we have occasionally recognized the effects 
of the exceptional color in the photographed spectra. The photo- 


TABLE V 


AVERAGE INTENSITIES OF HYDROGEN LINES 
































| 
| 
| 
| 
| 
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| Bricut Ha | Bricut HB | DarK U.V. 
SPECT. | a l 

| Int. No. | Int. | No. Int. No. 
O6-Og . | 24 7 ro. | 4 O.I 7 
Bo 3-3 25 ao | 20 0.2 14 
Bi Pe 13 EE | 17 0.6 7 
B2 3.0 55 ro 6 | 44 0.8 36 
B3 2.9 69 r6 | 4I a 48 
B4-B6 | 2.54 35 ta 4 20 1.9 22 
B8—Bo | 2.49 24 os | 21 1.8 18 
Ao-A4. | 2.7 8 °o.8 | 5 2.3 3 
Peculiar . | 4.0 26 Ak | 18 0.8 5 





electric observations of Elvey' and Stebbins? have shown many faint 
B-type stars to be highly colored, and it will therefore be important 
to determine whether the effect has any relationship to the presence 
of emission lines. Interstellar absorption may account for all in- 
stances of color excess, but this is not yet certain. 


A catalogue and bibliography of all known Be stars and similar 
objects of classes O (not including Wolf-Rayet stars) and A is in 
preparation for early publication as a Mount Wilson Contribution. 
Observers are invited to send in lists of references as well as notes on 
unpublished discoveries in order that the data may be as complete as 
possible. 

CARNEGIE INSTITUTION OF WASHINGTON 
Mount WILSON OBSERVATORY 
March 1932 


t Astrophysical Journal, 74, 298, 1931. 2 Unpublished. 








CORRECTING LENSES FOR REFRACTORS 
By FRANK E. ROSS 
ABSTRACT 


A short history is given of the use of zero-power correcting lenses with visually 
corrected refracting telescopes. The object of the corrector is to change the refractor 
over into a photographically corrected telescope, in order that it may be better adapted 
for spectrum photography. An analysis and reconstruction of the optical design of the 
40-inch lens of the Yerkes Observatory is presented, furnishing data useful for the proper 
design of the corrector lens. The design and data on the corrector lens are given, anda 
comparison of its performance with that of the older corrector lens, showing gain in 
speed. The general theory of corrector lenses of this type is presented in some detail; 
in particular, it is shown that there is a large outstanding optical aberration, chromatic 
magnification, which cannot be eliminated, but is capable of material reduction by 
proper design. The effect of flexure of the telescope tube is considered, and found to be 
negligible. It is pointed out that the most serious outstanding defect of the corrector 
lens is secondary axial-color aberration. The question of reducing this by suitable 
choice of glass is discussed, and it is shown that little can be expected in this direction. 

So far as I am aware, a correcting lens for a visual refractor was 
first employed by H. F. Newall,’ with the 24.8-inch refractor of the 
Cambridge Observatory. The object of a correcting lens of the type 
here considered is to change the color-curve of the objective in such 
a way that it can be used with a spectrograph for photography in the 
important blue-violet region. The correcting lens as used by Newall 
was placed 5 feet inside of the focus, and shortened the back focus 
by 18 inches. In America, correcting lenses have been in use at the 
Lick, Yerkes, Flagstaff, and Ottawa observatories, and have been 
an indispensable adjunct in carrying on the exceedingly impor- 
tant researches in spectrum analysis and in related problems. 
Considering its importance, it is surprising that so little attention 
has been paid to the optics of the correcting lens, with a view to 
increasing its efficiency. As will be seen below, the solution is by no 
means unique. The elementary theory of the correcting lens has 
been very clearly presented by J. E. Keeler,? who solved the problem 
of flattening the color-curve in the desired region by making use of 
the simple equations of conjugate foci. A very thorough investiga- 
tion, from the practical side, of the correcting lens used in conjunc- 
tion with the 15-inch Ottawa refractor has been made by J. S. 


s 


* Monthly Notices of the Royal Astronomical Society, 54, 373, 1894. 
2 Astrophysical Journal, 1, 101, 1895. 
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Plaskett.t The lens which he finally adopted was of 4 inches aper- 
ture, placed 59 inches inside the focus. 

The correcting lens in use at the Yerkes Observatory, up to 1928, 
was of 57 mm aperture, and placed 100 cm inside the focus. It was 
thoroughly investigated by Philip Fox,? in conjunction with an in- 
vestigation of the 40-inch lens. The color-curve of the combination 
was found to be excellent for purposes of spectroscopy. The spherical 
aberration was, however, quite large; the normal amount of over- 
correction to be expected in the violet for a visual refractor (5 mm), 
instead of being corrected by the lens, was apparently increased to 
about 6 mm.} In July, 1928, a new correcting lens, designed by the 
writer and made by J. W. Fecker Company, was installed. This is 
of 6 inches aperture, placed 2.5 m inside the focus. Its mounting, 
with convenient adjustments for making the important collimation 
correction, was designed by G. W. Moffitt‘ of the observatory staff. 
Its performance is very satisfactory, especially in the matter of 
speed. For example, it has been found to be twice as fast in the 
blue as the old corrector, with a factor increasing uniformly toward 
the violet end of the spectrum to a value six times at A 3900.5 


I. COLOR-CURVES 


Of prime importance in determining the design of a Correcting 
lens to be applied to a visual refractor is the amount of tilt of the 
color-curve, between the lines F and h, say, of the spectrum, which 
must be corrected by the lens. This depends numerically upon the 
kinds of glass in the refractor, and upon the correction which has 
been adopted in the visual region. I have collected in Table I data 
on the color-curves of some refractors, reduced to a common focal 
length of 10 m. The data for Vienna, Pulkowa, and Cambridge 
were taken from Newall;® for Lick, from Keeler;? and for Yerkes, 
from Fox.’ I have also added a computed curve for the Lick, and 


t [bid., 25, 195, 1907, and 32, 243, 19I0. 

2 Tbid., 27, 237, 1908. 

3 [bid., p. 253. 

4 Journal of the Optical Society of America, 20, 457, 1930. 

5 Frost, Barrett, and Struve, Publications of the Yerkes Observatory, 7, Part I, 2. 
“Op. cit., D. 374. 7 Op. cit., p. 104. 8 Op. cit., p. 252. 
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two computed curves for the Yerkes. The curve for the Lick was 
computed on the assumption that the glass was of the same kind as 
that of the Yerkes, the computation then being carried on so as to 
obtain the same difference between the C and F lines as that which 
was observed by Keeler. Separation and thicknesses, not being 
known, were neglected. The column YC, for Yerkes was obtained 
in the same way, adjusting for the C and F difference given by 
Fox. The column YC, was computed on the basis of adjusting for 
Fox’s value of the D and G’ difference. It appears to the writer that 


TABLE I 
CoLor-CURVE FOR LARGE REFRACTORS 


(Reduced to a focal length of to m) 


| 
YERKES 4o-IN. | Lick 36-IN. | Vienna | PuLKowa | _Cam- 
F=19.35m | F=17.63m | 27-IN. | 30-IN. | pee 
Wave-LENGTH | | sae 
Fox YC; YC. | Keeler LC |F = 10.36m|F =14.12m| F=8.84m 
| mm | mm | mm mm mm mm | mm mm 
B 6870 | 9.4 ]...... | she Gia ek Deen Pore eee ee eed | eee 
6563} 4.8) 3.9] 3.8] 3.0] 3.4] 2.6 | 2.1 5 
D ...-| 5893 | 0.0} 0.0] 0.0] 0.0] 0.0} 00 | 0.0 | 0.0 
E 5270 | i (anes lennorten Boe Se) Gre as (reread (ere me eater 
I 4861 | 6.2] 5.5] 6.3] 6.5] 6.9 5.8 4.5 | 4.5 
G’ 4341 | 26 3 p24.2°| 20.4 12754 | 2721 | oe Sy | 7 ae, i A hy | 
h 4102 | 45.9 | 42.8 | 46.2 | 46.3 | 46.8]........ 35.3 
goqe"| 52.7 | 47.1 | 90:8 |....:. Go ees eres 
Rees, o.sces eee ets 26.7 | 460-3 | 42-2 | 30-8 | 42.3 [ove eeeesfeceees 30.8 


* A mercury line. 


the curve obtained by Fox is too steep in the violet. This is to be 
expected, on account of the overcorrected spherical aberration of the 
40-inch lens in the violet, which lengthens the focus for the edge 
zone and thus acts in the same direction as the color error. It is of 
interest to note the differences in the color-curves of these lenses in 
the visual region, where they have been designed to give the best 
performance. In interpreting these differences, however, consider- 
able allowance must be made for observational error in deriving 
them. The last row in Table I, in which the values of difference in 
back focus for the F and h% lines are given, is of especial importance 
in our problem, for its value governs the design and efficiency of the 
correcting lens. A small value is desirable, as will be shown later. 


CORRECTING LENSES FOR REFRACTORS 187 


The values for Lick and Yerkes are identical, while that for Cam- 
bridge is 25 per cent smaller. It would appear that this lens must be 
made of special or unusual glasses, which give the highly desirable 
reduced secondary spectrum. It is to be noted, however, that the 
value for the / line for Cambridge is relatively larger than the value 
for the G’ line. 
2. CONSTANTS OF THE 40-INCH LENS 

In order that a correcting lens may be properly designed, it is 
desirable to know the optical constants of the refractor which is to 
be corrected. The published data on the 4o-inch lens are exceedingly 

TABLE II 


GLAss CONSTANTS OF THE 40-INCH LENS 


| INDICES 
Wave-LENGTH ——= a 
Crown Flint 
OSO4. 5. I. 513193 I.610092 
5503... . | ©. 55§707 1.614866 
4861.... I.522032 1.626824 
4341.. , I. 527005 1.636989 
pt) eee I.530882 1.645006 


meager. I have accordingly made an attempt to collect all the neces- 
sary data, in order that the information which is thus placed on rec- 
ord may be complete on all important and interesting points. The 
observatory has in its possession prisms of the glass used in the con- 
struction of the lens. Dr. Frost in 1928 forwarded these prisms to 
the United States Bureau of Standards, with a request that their in- 
dices be determined as accurately as possible. It appears from this 
determination that the glass of the positive lens is of the Schott type 
0203, with a dispersion factor of 58.35, and that of the negative 
lens of type O118, dispersion, 36.75. The indices, in detail, are 
shown in Table II. These wave-lengths are for the customary Fraun- 
hofer lines, with the exception of 4047, which is a mercury line 
adopted by Schott as the standard point in the far violet. Schott 
unfortunately called this line 4, which had been pre-empted by 
Fraunhofer as the designation of Hé at \ 4102. In order to avoid 
confusion, the Schott line will be referred to by its wave-length, in 
what follows. 
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In a letter from one of the designers, Mr. R. Lundin, to Dr. 
Frost, of June 28, 1907, are given the radii of the four spherical sur- 
faces of the 40-inch lens. The thicknesses and separation of the two 
components are not stated. These have been given, however, in 
round numbers, by Dr. Hale. The data furnished by Lundin are: 


Crown, equiconvex, R,,.= + 22 ft. 9.6 in. (6950 mm) , 
Flint, int. surf., R,=—22 ft. 1.92 in. (6754 mm) , 


Flint, ext. surf., R,= +4000 ft. (1219 m) concave . 


Preliminary computations showed that the foregoing value for the 
interior flint surface must be wrong, and should have read: 


R,=20 ft. 1.92 in. (6145 mm) . 


The central or axial thicknesses of the lenses and the separation of the 
adjacent surfaces were measured by the writer, with the assistance 
of F. R. Sullivan. They are as tabulated, with Hale’s values given 
for comparison. The error in our measurement of the thickness of 
the positive is not greater than o.5 mm; of the negative, 1.0mm; and 
of the separation, 0.2 mm. 


R. and S. Hn. 
Central thickness, pos., 58 mm.......... 2.5 in. ( 63 mm) 
Central thickness, neg., 28 me ( 38 ) 
Central sep., adj. surf., 215.2 . 8.97 «86 (as ) 


Using all the foregoing data, with the corrected value of R; as 
noted, I have computed the following values of the focal length, and 
the back focal difference, D-G’. For comparison are tabulated the 
observed values of these quantities, using E. E. Barnard’s? value for 
the focal length (visual) and Fox’s value of the color difference 
(Table I). It is seen that the color difference is well represented, but 


Computed Observed Diff. 
Focal length at 50° F, for D..... 19,550mm 19,354mm 196mm 
Color difference, D-G’.......... 52.7 51.0 | 


that the computed focal length is nearly 8 inches long. I assumed, 
therefore, that errors were made by the makers in measuring the 


t Astrophysical Journal, 6, 43, 1897. 2 Astronomical Journal, 31, 24, 1917. 
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curvature of the surfaces, and computed what they should have 
been, in order to satisfy the observed data. In making this computa- 
tion it is necessary to assume that the positive is equiconvex, and 
that the radius given for the flat exterior surface is nearly correct. 
On these assumptions I have obtained the following new radii: 


R,,2= +6886.7 mm , 
R, = — 6090.0 , 
R,=+1209290 


It is interesting to note that Lundin’s values for these radii are larger 
by 0.90, 0.89, and 0.83 per cent, respectively, suggesting an error of 
his spherometer. Using these new radii, I have computed a table 
of the optical constants of the 40-inch lens (Table III). To get the 
data for the H (Ca) line given in the table, the necessary indices of 
refraction were obtained by extrapolation, using the Cauchy formu- 
la. The last column, “Gauss Point,” is the distance from the lens 
of the second Gauss point (the point from which focal length is 
measured), measured outward from the front surface of the lens. 
This comparatively large distance is due to the unusual amount of 
separation between the two components of the lens. The remaining 
computed data are: ° 

TABLE III 


OpTICAL CONSTANTS OF THE YERKES 40-INCH OBJECTIVE 

















Fox 
WaveLaners | focal, | Bare Focas — 
Color-Curve Curve ~ Gauss Point 

A mm mm mm mm mm 
6563... Sete 19359.3 18666. 4 + 7-4 + 9.3 391.7 
5893.. ar 19355.0 18659.0 0.0 0.0 3904.8 
4861... ioe 19375-9 18671 .3 + 32:3 + 12.0 403.4 
7 ee 19422.9 18710.3 §r.3 51.0 411.4 
yoy 19477.0 18757.6 98.6 102.3 418.2 
BOO 6.525 5.06 ass 19493 .0 18771.6 112.6 119.3 420.2 




















Spherical aberration, D line= 49.8 mm (edge rays long) , 
Spherical aberration, G’ line= 54.7 , 


Spherical aberration, \ 4047=55.4 , 
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The calculated coma, taken as the difference between the sine con- 
dition and spherical aberration, is, for all wave-lengths, —14 mm. 
The spherical aberration for the D line, reduced to angular value, 
is 27"4, in good agreement with the value 24"9 obtained from 
third-order algebraic theory. This value is unusually large, being 
more than three times that of a single lens of best form (R,.=6R,+), 
of the same aperture and focal length, which is but 777. The neces- 
sary labor of reducing this to zero by hand refiguring must have been 
excessive, unless the curves originally ground and polished departed 
strongly from spheres. The value, —14 mm, for the coma means 
that the comatic flare is inward, and that at a distance of 100 mm 
from the axis the outer zone of the lens images to a circle 0.14 mm in 
diameter, whose center is displaced from the image formed by the 
small central zone by 0.14 mm or 174. 
3. THE CORRECTING LENS 

Before taking up the general theory of the corrector, the data for 
the new correcting lens computed for the 40-inch objective will be 
given. This consists of a positive lens of flint, followed by a negative 
of crown, of the same power. The glasses available were of the types 
Schott F3 and K3. The indices are given in the accompanying tabu- 











| INDICES 
WaAVE-LENGTH —- 

Flint | Crown 
PROS casio seeeans | 1.61312 I.51042 
5893... er 1.61789 1.51283 
7 ae 1.62996 I. 51900 
OD Sih ste: dnenexsesies cuales 1.64022 1.52394 
4047 sighs | 1.64831 1.52768 


| 





lation. The values for the F and G’ lines were determined by the 

United States Bureau of Standards. Those for the remaining wave- 

lengths were obtained by utilizing the partial dispersions given in 

Schott’s Catalogue, for these types of glass. The elements of the cor- 

recting lens, which were computed from these data, are as follows: 
R,=+1125.5 mm, 


R,= — 1125. 


VI 


] 


R;=— 1125. 


3 


R,=+ 773-5 


wat 


’ 
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Central thickness for positive lens is 12 mm; for negative lens, 10 
mm; separation of components, o.3 mm. The lens is placed inside 
the tube of the telescope with its rear surface at a distance of 2492 
mm from the focus for the F line. 

Table IV contains the values of the focal length and back focal 
length for the combination of 40-inch lens with corrector. The back 
focal length is the distance of the focus from the rear surface of the 
corrector, and determines the color-curve. The last column in the 
table, ““Gauss Point,” gives the position of the point from which 
focal length is measured, with reference to the front surface o? the 
4o-inch lens, corresponding to the last column in Table ITI. 


TABLE IV 


DATA FOR 40-INCH WITH CORRECTOR LENS 





Wave-Length | Focal Length | Back Focus Color-Curve Gauss Point 

A | mm mm | mm mm 
6563 | 20110.4 | 2569.5 | +79.1 +1060 
5893 | 19935-0 | 2542.8 | 52.4 | gI2 
4081 19544.3 | 2499.5 | 9.1 564 
4341 | 19222.5 | 2490.4 0.0 | + 252 
4047... 18969 .6 | 2490.4 | + 6.0 | _ 7 


Distance between outer surfaces of 40-inch lens and corrector = 16480.5 mm 
Distance between inner surfaces= 16157.0 mm 


~« 


It will be seen from Table IV that achromatization has been 
effected at wave-lengths 4047 and 4760, the minimum falling at 
about 4340. This correction is farther to the violet than that of the 
old corrector, which probably accounts for a portion of the greater 
speed of the new lens in the ultra-violet (p. 185). The table discloses 
the enormous range of focal length with color, when a correcting 
lens of this type is employed. This characteristic of correcting lenses 
was not brought out in Keeler’s paper on the subject;’ in fact, his 
method of treatment precluded its recognition. Considering only the 
spectral range from 4047 to 4681, which is less than the range of the 
average spectrogram, it is noted in the last column of Table IV that 
the effective difference in focal length is 57 cm. This means that for 
a star which is only 1 mm, or 10”, from the axis, its image on the slit 
of the spectrograph is spread out into a spectrum whose length be- 
tween the lines in question is 0.03 mm, which is the order of the slit 


1 Op. cit. 
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width. With the old corrector, this dispersion amounts to 0.07 mm 
(p. 195). It is for this reason that the collimation of the correcting 
lens is of such importance, as previously noted (p. 185). 


4. GENERAL THEORY OF CORRECTING LENSES 


There are but three aberrations which are of importance in the 
design of correcting lenses of the type here considered: (1) color dif- 
ference of the back focal length, designated by K.; (2) color differ- 
ence of the focal length, A,; (3) spherical aberration, S,. There is a 
fourth aberration, spherical aberration depending on color, which is 
unimportant, and accordingly will be neglected. The well-known 
formulae for these aberrations, up to the fifth order, are: 


Rnd = 


K;=—tan B) yh $ , 


Sa= ghd hip , 





the summation extending over all the lenses of the system, in this 
case four, assuming a correcting lens of two elements. In these formu- 
lae d is the aperture of the refractor, ¢ is the power of each com- 
ponent, or the reciprocal of the focal length, v is the dispersion 
factor for which achromatization is desired, given by the formula 


In Nyi—2 
= My TMy'— 2 (2) 
2 Ny — Ny! 


where m, is the index of refraction for wave-length \; 8 is the angular 
distance from the axis of a star or object; y and / are, in Schwarz- 
schild’s notation, the distance from the axis, at each lens, of the chief 
ray at 45°, and the ray limiting the axial pencil, respectively. 

Axial color Ka.—The condition for freedom from axial color, as- 
suming as a first approximation that the corrector is composed of 
two thin lenses in contact, is: 


O42 Oy pp (#4%) mo . (3) 
VY V2 


Vv; Vs 
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the subscripts referring to each lens of the system in turn. For zero- 


power in the corrector, ¢,= —¢@;, and we have for the determination 
of F;: 
; Mit 2 
P=-=(7-*), (4) 
K\V; Vs 
where we have put 
h=k,, } 
gee oz : | 5 
Vy V2 


Equation (4) gives the approximate solution of the problem, ex- 
cepting the determination of the spherical aberration. Appropriate 
thicknesses and separation of the two components are now to be in- 
serted, and final adjustment of the system made by the customary 
ray-tracing method, after the approximate shapes have been de- 
termined from the solution for the elimination of spherical aberra- 
tion (p. 195). 

Equation (4) shows that if the preceding lens F; is of positive 
power, it must be of the flint type of glass, for v,; must be less than 
v,, it being noted that x is negative, as will be shown. It is indifferent 
whether positive or negative precedes. In any case the formula shows 
that the positive must be of flint, and the negative of crown, using 
these terms in the older sense. 

By definition, /, is unity. In the case of the 4o-inch lens, h, is 0.97. 
From the known constants of the 4o-inch lens, the value of x can be 
computed from equation (5). It is better, however, to obtain it from 
the known color-curve of the lens, from the formula 

k 
oe (6) 
where & is the difference in back focus for the two wave-lengths for 
which correction is desired, and F is the focal length of the refractor. 
Thus, if correction is desired in the case of the 40-inch lens for \ 4047 
and \ 4861, we obtain from the computed color-curve (Table III): 


k=—86.3 mm, 
giving 
k=—2.28X107. (7) 
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If correction for F and G’ is desired, we get 


K=—1.04XI107. (7a) 


Application of formula (5) to the first case gives 


K=—2.24X107. 


This value, however, is not so precise, on account of uncertainty in 
the value of /,. 

The factor x in equation (4) is therefore determined by the re- 
fractor. If it has a small value, which it will if the lens has a flat 
color-curve, as in the Cambridge lens (Table I), the components of 
the correcting lens will have weak powers (equation [4]) and there- 
fore flat curves. The formula also shows that it is desirable to choose 
two kinds of glass for the corrector whose dispersion values v are as 
different as possible, as this also leads to weaker powers for the cor- 
rector. The most important factor, however, is /, since this enters 
as the square. / is the ratio of the distance s that the lens is placed 
inside the focus, to the focal length, F, of the refractor. As the cor- 
rector is placed nearer the focus, which means a diminishing /, the 
powers of the component lenses must increase. For example, with 
h equal to 2500 mm, the value for the present lens, computation 
from equation (4) gives 


F;=883 mm ; 
with s equal to 1000 mm, as in the superseded Yerkes corrector, 
F;=140 mm. 


The small values of s therefore require strong lenses, with steep 
curves. There is partial compensation, on the other hand, in the 
smaller aperture necessary. 
Chromatic magnification, or color off the axis.—This is given by 
K, in equation (1). To a first approximation, 
_$=>= —_— \ 
Vi fa Oly . { (8) 
V;=),= —y=s—h " J 


3 
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Substituting these and the known values of / in equation (1), we 
get 


K,=yho,(" sia ) tan 6, (9) 


ee 


which gives, finally, when combined with equation (4), or the condi- 
tion for axial achromatization, 


e K 
K;=-—) h tan B ;sx (10) 


eliminating y by means of the relation 


the final equation becomes 
P FY... 
Ky=«(1- )F tan Bp. (11) 
D) 


From (11) it is seen that chromatic magnification, aside from the 
geometric factor tan 6, varies as (1) the amount of the original axial 
color, x, to be corrected; (2) as the square, nearly, of the focal length 
of the objective; (3) inversely as the distance, s, of the corrector in- 
side the focal plane. Excepting choice of glass, s is the only factor 
at the disposal of the designer. The importance of choosing it as 
large as practicable has already been shown (p. 194). 

Correction for spherical aberration.—The equation for spherical 
aberration is (p. 192), 


io hig > (12) 
where A is given by 


(12a) 


n+2 4(n+1) 3an+2 n? 
2 on+ 2 


= oO T ‘ 
n(n—1)? n(n—1) n (n—1)?’ 
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o is the semi-aperture of the objective, 7 the index of refraction, and 
o the shape factor of each component of the correcting lens, defined, 
in terms of the radii of curvature, by 


_R+R | baa) 
aa ee 3 


m is the vergency factor, defined by 


ioe eae (14) 


where ¢ is the reciprocal of the focal length of each component and s 
is the distance of the focus of an axial pencil from each lens of the 
system. Assuming as a first approximation that the refractor itself 
is free from spherical aberration, we have 


03 
Sum" HOAs AQ) , (15) 


where subscripts 3 and 4 refer to the first and second component, 
respectively, of the corrector, and where we have put /,=/,, and 
o,= —¢;. This means that the corrector is composed of two thin 
lenses of equal power in contact, sufficing for a first approximation. 
Freedom from spherical aberration then requires that 


A,—A,=0, (16) 
Substituting known values of the parameters, this condition finally 
reduces to 
es ~ : ee _ _— ( 
O3—1.55 01—3.14 0;—3.94 0,—0.40=0. 17) 
This is the necessary relation between the shape factors of the com- 
ponents of the correcting lens. The solution is not unique, so that 


another condition might be imposed—for example, the system could 
be cleared of coma. This, however, would be a useless refinement, 
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since it would only affect the field, which is already restricted by the 
unavoidable chromatic magnification error. It is expedient, there- 
fore, to put ¢,=0, which means that the preceding or flint lens is 
equi-convex. Equation (17) gives, then, 


o,= —0.09 or — 2.43 (18) 


for the solution of the quadratic. The smaller value will be adopted, 
as it leads to the best shape. These values of o, with the focal length 
of the components determined by equation (4), to a first approxima- 
tion, determine the lens. The final elements must be obtained by 
the usual ray-tracing method, in which the residual errors are elimi- 
nated by successive approximation. These errors are: adjustment 
of tilt of the color-curve; position of the focus; and spherical aber- 
ration. With regard to the latter, it is shown on page 185 that in the 
case of the Yerkes refractor there is an outstanding overcorrection 
of 5mm. This is taken care of very easily by a corresponding under- 
correction of the corrector, so that the system can be freed from 
spherical aberration, for the G’ line, or the middle of the range of 
spectrum used. It will be noticed that the two interior radii of curva- 
ture of the corrector (p. 190) are the same. This is accidental, and 
without significance. It would allow a cementing of the components 
thus reducing reflection losses. A hard cement, such as the Canada 
balsam usually employed, would be objectionable, on account of 
strains set up. There are heavy oils, however, which might be 
used. 

Effect of choice of glass on resultant color-curve-—The outstanding 
defect of a corrector lens is secondary axial color aberration, so that 
only a limited portion of the spectrum of a star, ideally considered 
as condensed to a point, can be focused on the slit. Is it possible so to 
choose the glass of the corrector lens that this defect can be elimi- 
nated or materially reduced? This question will now be considered. 
Solution of the problem requires that the back focal lengths for 
three colors, say F, G’, and 4047, are all equal, or at any rate that if 
adjustment be made for F and 4047, the value of the back-focus dif- 
ference, F-G’, shall be a minimum. In the following discussion, sub- 
scripts 1 and 2 will refer to a back-focus correction for F and G’; and 
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F and 4047, respectively. The corresponding values of the important 
x factor are given numerically in equations (7) and (7a). It will be 
convenient to introduce two new variables, x and z, defined as the 
reciprocal of the dispersion factor (equation [2], p. 192) for flint and 
crown, respectively. I have calculated the numerical values of x and 
z for each major type of glass given in Schott’s Catalogue. The results 


TABLE V 


GLAss DISPERSION CONSTANTS 

















FLINTS CROWNS 
Type 100x; 100%2 Type 1002, | 10022 
EG are ee I. 207 2.222 FK2.... 0.742 1.345 
BB cc ceniva shidtocen 1.193 2.194 |. aS ae 0.781 1.418 
i) eee 1.23% 2.454 LS) eee , 0.836 I.520 
| AS SO ea es ae F-S27 2.840 oil, rs 0.882 1.607 
LS ae 1.446 2.670 Be oc odie ;  ©.909 1.658 
er 1.690 3.135 MM 58s che eer 0.926 1.688 
eS 1, a ee 1.043 1.908 ODS ee ae 0.936 1.708 
2S a ee 0.953 1.739 
02 ee 1.074 E071 
COUR re 1.008 1.842 
PID cose, cece cee I .007 1.837 




















are contained in Table V. The common focal length, F (for the F 
line), of each component of the corrector lens is given by equation (4), 
or, in our changed terminology, 


F=~— (x—2). (19) 


The value of F will in general be different according to whether sub- 
scripts 1 or 2 are used for x, x, and z. For example, the types of glass 
used for the present lens are F3 and K3. For these equation (19) 
gives, 


F,=1052 mm (cor. for F and G’) , 


F,= go3 mm (cor. for F and 4047) . 
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The ratio of F, to F, (1.165) is a measure of the lack of achromatiza- 
tion for the three colors considered. Putting 


K. 
“=p (=2.192) , 
Ky 


it is seen that the required condition for equality of F, and F, and 
therefore for achromatization is, from equation (19), 

X2— So __ 
eg, 72°19? - 
The left-hand member of this equation, R, is easily calculated, for all 
possible combinations of glasses, from Table V. For the glasses actu- 
ally used, R=1.882. The nearer the value of R approaches 2.192, 
the better the achromatization. The closest approach is obtained 
from LLF1 and SSKz1, which give R=1.925. Using these glasses, 
the focal lengths are, from equation (19), 


F,= 335 mm , 


F,=294 mm , 


giving ratio, (F./F;) 1.140, an improvement of 15 per cent over the 
glasses used. This gain, while sensible, is hardly significant, and has 
been secured at the expense of much greater powers for the compo- 
nents. It must be concluded that it is impossible materially to re- 
duce the outstanding secondary color by selection of available 
glasses. 

5. EFFECT OF FLEXURE 


J. S. Plaskett has found that for the Ottawa telescope, the effect 
of flexure of the tube is quite appreciable in its decentering effect on 
the various colors at the slit of the spectrograph,’ necessitating a 
change in the position of the correcting lens for every change in 
zenith distance. This effect will now be examined in some detail for 
our own case. From a theoretical viewpoint, it will simplify matters 
to consider the line of collimation to be fixed, and determined by the 


t Astrophysical Journal, 32, 245, 1910. 
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line joining the center of the slit to the center of the correcting lens. 
These points are so close together as a rule that flexure between them 
can be ignored. Owing to flexure of the tube, the objective will 
change its position with reference to this line of collimation, as the 
telescope is pointed to different portions of the sky. For an easy 
analysis of the effect of this shift of the objective, the center of the 
slit will be taken as a source of light of various colors, and two rays, 
the F and 4047, traced backward through the system. Since the cor- 
rector lens is assumed to be collimated, any two colors traced axially 
will emerge from it, on their way to the objective, coincident in di- 
rection. Assuming a symmetrical flexure of the tube of the telescope, 
the line of collimation, which is the direction traversed by the two 
rays considered, will cut the axis of the objective midway the length 
of the tube. It is then necessary to know where these light-rays cut 
the objective, or, in other words, we must know the flexure of the 
tube. For this information, in the case of the 40-inch lens, I am in- 
debted to Dr. G. W. Moffitt for a series of measures made in 1927. 
He determined the foregoing point by a collimation device, for each 
10° of zenith distance, from the north to the south point. These de- 
flections fit a sine-curve, of the form 


A(mm)=18 sin z. (20) 


Using this value for the distance between the center of the objective 
and the line of collimation, the two rays were carried through the 
objective itself, by ray-tracing. The result is that for each centi- 
meter of deflection, the rays are split after passage through the ob- 
jective, the violet ray being nearer the zenith by 0745. Putting this 
in terms of zenith distance by means of equation (20), 


L (flexure effect, violet-blue)=0781 sin z . 


It will be noted that this effect is in the same direction as that caused 
by atmospheric dispersion, which displaces the violet light (A 4047) 
toward the zenith, relatively to the blue (A 4681) by 0762 tan z. 
At s=40° the two effects will be equal, and therefore neutralize each 
other, the dispersion elevating the violet image just the right amount 
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to be neutralized by the flexure effect. The outstanding resultant for 
other zenith distances is contained in the accompanying table. It is 
seen that in no case is flexure of consequence. 





5° ; | 
60. | 


YERKES OBSERVATORY 
April 25, 1932 





| 
Atm. Disp. | Flex. Diff. 
0722 | 0” 28 | 0” 06 
0.35 | .40 05 
0.52 52 00 
0.74 62 12 
1.07 | 0.70 | 0.37 
| 











THE OH BAND, dA 3064, AND THE SOLAR SPECTRUM 
By R. WILLIAM SHAW 
ABSTRACT 


Precise measures of the wave-lengths of the high sequence members of the P and Q 
branches of the OH bands A 3064 and \ 3122 have been made, and a study of the co- 
incidences of these lines with weak lines of the sun as given in the Revision of Rowland’s 
Preliminary Table of Solar Wave-Lengths has been carried out. 

Of the 102 lines listed, 50 can be identified in the sun with an average difference in 
wave-length of o.o1ro A. Of the remainder, only 19 have intensities, which would indi- 
cate that one might have expected to find them listed in Rowland’s Table. The number 
of chance coincidences is 23. 

Sixty-three new assignments have been made to the branches of the OH bands 
d 3004 and A 3122. 

INTRODUCTION 

The presence of the neutral OH molecule in the reversing layer of 
the sun was conclusively demonstrated by A. Fowler’ when he 
pointed out coincidences between solar lines and lines produced by 
an electrical discharge through water vapor. Of the total number of 
lines given by L. Grebe and O. Holtz,’ Fowler was able to find coin- 
cidences in the solar spectrum for 150 lines which might be assigned 
definitely to water vapor. A number of the remaining lines were 
found to coincide with solar lines which were probably of metallic 
origin. The intensities in all cases checked remarkably well. 

There are listed in the Revision of Rowland’s Preliminary Table of 
Solar Wave-Lengths, which shall be referred to hereafter as the Re- 
vision of Rowland, 185 lines which are definitely considered as arising 
from the OH molecule and belonging to the superimposed bands 
d 3064 and A 3122. Neither the list of lines given by Grebe and Holtz 
nor later correlations of OH lines with the solar spectrum include all 
of the lines which may be properly assigned to the vibrational and 
rotational states represented by the bands \ 3064 and XA 3122. A 
number of new assignments were made to the various branches of 
these bands by Fortrat,’ but no effort appears to have been made 


* Proceedings of the Royal Society, 94, 472, 1918. 
2 Annalen der Physik, 39, 1243, 1912. 
3 Journal de physique, 5, 20, 1924. 
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to find correlations with solar lines. From a study of the less intense 
lines of these bands the author" has added 63 new assignments and 
thereby completed the analysis of the major branches from \ 3064 
to \ 3428. The latter value represents the head of another OH band, 
and it was found impossible to trace the branches of the aforemen- 
tioned bands in this region. A preliminary examination of these new 
assignments for coincidence with solar lines yielded encouraging re- 


TABLE I 


PERCENTAGE OF IDENTIFICATION FOR INTENSITY 


| 
| 


| Number of | Identified 


Intensity Groups pee Per Cent 
8-200 227 100 
ee | 65 99 
6 170 100 
5 309s 99 
4 534 99 
3. 959 96 
ae | 1572 Q2 
Ito —3 17,917 | 49 





sults, with regard to both number and intensities of the correlated 
lines. ; 
An examination of Table I, taken from the work of C. E. St. 
John,? shows approximately the present status of identification of 
solar lines. 

According to these figures, 50 per cent of the weak lines listed in 
the Revision of Rowland have yet to be identified, and, furthermore, 
it is seen that this group represents the major portion of the solar 
lines. Since the intensities of the lines of the OH bands, as well as 
those of other bands identified in the sun, are practically all included 
in the intensity group 1 to —3, it is important that all possibilities 
for molecular identifications be investigated. It was, therefore, 
thought advisable to make a critical examination of the weaker lines 
of the OH bands \ 3064 and A 3122 for possible solar correlations, 
and this paper presents the results of this investigation. 


* Physical Review, 37, 1548, 1931. 


2 Proceedings of the National Academy of Sciences, 15, 789, 1929. 
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APPARATUS 


As a means of obtaining the OH band spectrum, the Wehnelt 
interrupter discharge was found to be particularly adapted. The ap- 
paratus consisted of a glass jar provided with a quartz window and 
filled with a HCl solution of specific gravity 1.033, a plate of lead 
for the negative electrode, and a platinum wire for the positive elec- 
trode. The platinum wire was completely insulated by heavy glass 
tubing except for a length of 2 mm at one end. This platinum tip 
was arranged in the solution so as to be practically in contact with 
the quartz window. Arrangements were made for circulating and 
cooling the electrolyte. A large iron-cored inductance was connected 
in series with the interrupter and a potential of 110 volts applied. 

With this apparatus it was possible to obtain spectrograms of the 
OH bands which showed a complete banding from head to head and 
with zo continuous background. A quartz spectrograph of the Hilger 
arc type was used. This instrument has an average dispersion of 
10 A/mm in the region investigated. A Pfund arc of iron was used 
as the comparison standard. Exposures of the iron spectrum were 
made both before and after the exposure for the OH lines. The latter 
exposure time varied from three to four hours, and the plates were 
carefully examined for shifts in the spectra. Direct and reversed 
measures of the plates were made on a Hilger comparator and the 
wave-lengths obtained by the use of the Hartmann formula. Wave- 
lengths of iron given by Burns and Walters’ were used as standards. 
Iron lines were measured about every 8 A and their wave-lengths also 
computed. A curve of residuals was plotted and the necessary cor- 
rections made to the OH lines. The residuals were all less than 
0.007 A. The wave-lengths and intensities reported are the result 
of two independent sets of measures. The intensities are eye esti- 
mates obtained in the two cases, using different lines as the stand- 
ards. Agreement of intensities was always within one unit in the 
two instances. 

RESULTS 


Tables Ia and Id list the lines of high sequence numbers belonging 
to the P and Q branches of band X 3064 and Tables Ila and IId the 


t Publications of the Allegheny Observatory, 6, No. 11. 
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corresponding data for band \ 3122. The first column gives the ro- 
tational analysis designation. The older notation has been adhered 
to in order to avoid confusion in correlating these data with previous 
results. The second and third columns give the wave-lengths of OH 


TABLE Ia 


OH Banp X 3064 


























| 
P, (m) | d (OH) d (Sun) Bw) I (OH) | TJ (Sun) | Remarks 
SS et ee ee = eieciaa 
26 | 3267.058 .063 005 | o |! | OH (known) 
27 Be eg >” a Seaman Hae | a ees 
28.....| 3291.685 698 013 —1 |-1 OH-V-Fe (known); blend 
29* f 2404. 682 |i... eo : 
30 3318. 332 3. | 1Nd? | Obscured by 3318.368 
31 | 3332-479 4 | woes 
32. | 3347.323 319 |— .004 | 3 |-2 OH; blend 
33 | 3362.791 .803 | .o12 3. | 4Nd? | OH-Co-Ni 
34. - SAE OST Wo. &. «0% ve 4 ; 
35 | 3395.891 | .878 |—.013 | 4 |-2 OH 
36 | 3413.680 Ggz j~ 009-1 —§ | © OH-NH; blend 
P; (a1) | 3210. 484 481 |— .003 | ° I OH (known); blend 
22 | 3220.401 | .434 | .033 | —1 o OH ? 
2: | 3230. 714 .728 | .o14 | 2 I OH-Mn 
24 | 3241. 434 Be Cease ri] , a > Obscured by 3241.490; 
| | blend 
25 99025692 Pocock. Edie 2 
26 3264.172 186 | O14 | 3 |-1N OH (known); blend - 
27 3276.224 263 039 | 1 |—I OH ? . 
28 3288 .778 Saal cael Pane 
29* 3301 .867 870 .003 | 3 1-3 OH; blend 
30 | 3315-414 421 007 | * | © | OH; blend 
31 3320.574 Jroce ees] 2 | | 
32 3344. 397 390 . 007 | 4 |-3N_ | OH 
33 3359.850 |...... rel 3 | 
34 3375-953 | .946|—.007| 4 |-3 | OH; blend 
35 | 3392.86 8905 - OO! | 6 | 4 | OH; blend 
36 | 3410. 560 565 | .005 | —5 |-1 | OH; blend 
| 








* New assignments begin. 


lines and the corresponding solar line. The difference \ (sun) — \ (OH) 
then follows. The fifth and sixth columns give the observed inten- 
sities of the OH lines and the corresponding solar line. The lowest 
intensity indicated in the Revision of Rowland is —3. Practically all 
the OH lines previously identified lie in the intensity range o to — 3. 
For convenience of comparison the observed intensities of the OH 
lines have been reduced to a scale directly comparable with the solar 
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scale. The ]ast column indicates whether the solar line being identi- 
fied is a blend or has been previously assigned to some other emitter. 
The lines marked (known) are ones which are indicated in the Re- 
vision of Rowland as belonging to the OH system and are included 
here for completeness. The asterisk in the first column indicates the 


TABLE Ib 
OH Bann Aj 3064 

















Q; (m) | » (OH) dA (Sun) |» (sun) | IT (OH) | I (Sun) Remarks 

24.....| 3175.288 .315 |+.027 | —2 | I OH-Fe ? (known) 

BS sacs) SEOSOROO- le -vc¥ ene 4 : 

26.....] 3193.044 .055 |+.o11 4 l—1 OH (known) 

27* | 3202.700 | .696 |—.004 | I | 0 OH (known); blend 

28. | 37925020 |}... .. snsiaiardee an ae ; 

29.....| 3223.710 |....... Pha lacs | eS eee 

20; 406-1 SIRS STII .188 |+.016 | Oo |—1 OH-Fe 

a | 3247.198 .193 |—.005 | 4 | 3 OH-Co-Fe* 

32...-.| 3259.904 Pe ES Mem ee | ee 

Ch Eee enc at ee (rr 3 | nee ies 

26.005.) SOBF O88 Lie cc ccs eee | cere 

ae | 3302.737 |....... Bee ctsirinl | ? ee 

36.....| SAE8- S25 |e 0.00 ; 5 |eseeeee. 

|——~ — —— ——— SS ee ee —— 

Q2 (25). oi | 3181 .635 642 |+.007 =z [ws OH (known) 

26.....| 3190.791 |...-.-. Wie ota “a bese aa 

A | 3200.478 | .470 | — -008 | 4 | 5Nd?| OH-Ni-Fe 

28* | 3210. 705 725 |+-020 | ie ae OH (known); blend 

os | 3221 .602 |..... .| 2 | 

30.....| 3233.002 | | 4 | | 

3. | 3244.907 5 | 

3s... | 3257-723 4 | | 

33. | 3271.239 4 | | 

34..-.-.| 3285. 500 | 5 | | 

35-----| 3300. 580 5 | | 

30. a | 


| 3310. 574 | 


| 
| 
| 
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sequence number at which the new assignments by the writer to the 
various branches begin. 

In making correlations of OH lines with solar lines, particular 
attention was given to agreement of intensities as well as to coinci- 
dences of wave-length. In most cases the intensity agreement is ex- 
cellent. In cases where there is considerable disagreement, it will 
usually be found that the particular solar line has been assigned to 
several emitters. In considering the differences between OH and 
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solar wave-length, consideration should be given to the fact that all 
the lines are weak in the sun and many are blends. 

The total number of lines listed is 102. Of this number 50 agree 
satisfactorily with .olar lines in intensity and wave-length. The aver- 
age difference \ (sun) —A (OH), disregarding sign, is o.o1o A. This 

TABLE Ila 
OH Banp X 3122 














Pi (m) d (OH) d (Sun) OED I (OH) | I (Sun) | Remarks 
17 | 3238.542 | .554 |+.012 bom | —I OH (known) 
18 | 3247.607 an Oe | 4 | er 
19 Be aC | Seer eae aes E ] 
20 | 3267.058 063 |+ 005 | “ey =. OH (known) 
21 Biya e 3 eee | | 1 | 7d? | Obscured by 3277.359 
22 | 3288. 109 528 | Beka 4 cs 
23°. | 3299. 346 351 |+.005 | 3 | -3 OH; blend 
24 | 3311-073 Tee » | 4 | ate 
25 3323.388 396 |+.008 | a | OH; blend 
26 S220 EAS P50 ss Bh vs uted Mtr Tactics 
27 | 3349.555 563 |+.008 | 4 | -!I OH-NH;; blend 
28 | Cc | ae 3 | 
20 By ee ae ee eA 
30 Ce | es rer, ai 
P} (16) | 3226.433 447 |\+.014 | —1 | —1 OH (known); blend 
17 | 3235.170 | .188 |+ o18 | o | -1 OH-Fe 
18 | 3244.348 .355 |+.007 | o | oN OH (known) 
19 3253 .832 .845 |+.013 | 2 2N OH-Fe 
20 f - BAOS FOO Weve | | 5 
21 ee CO eee tie t ae he 
22* | 3285.021 023 |-+.002 4 | oN OH 
23 | 3296. 269 262 ia 007 | a IN OH-Ni 
24 | 3208. O64 | s.05 x. 2 
25 | 3320. 332 ees ee a = 
20 | 3333.225 . 223 |—.002 4 | —2N OH 
27 3340. 580 .603 |+.014 4 | —3N OH 
28 | 3360.512 Ril 4 
29 | 3375-104 | * 
30 | 3390. 440 | ~e | 





~*New assignments begin, 
is well within expectations for solar identifications of such lines. Of 
the remaining 52 unidentified lines one might have expected on the 
basis of intensities to identify 19. The others have intensities —3 
to —5, and it is quite likely that the corresponding solar intensities 
would be so low that the absence of the lines from the Revision of 
Rowland is accounted for. This probably is the explanation of the 
marked lack of coincidences in the Q branch of band X 3064. 



























208 R. WILLIAM SHAW 


Consideration was also given to the matter of chance coincidences 
to be expected. Russell and Bowen" have developed relations for 
determining the number of chance coincidences in an arbitrary group 
of lines. Their working formula is 


——*. 2x" 
C=N (x-exp.- I ) : 
where C is the average number of chance coincidences, V the num- 
ber of lines available for identification in the region considered, x 


TABLE IIb 
OH Banp A 3122 


























Qt (m) (OH) d (Sun) COR) I (OH) | J (Sun) | Remarks 

ee ey ee oe ae _ : | 4 

16. | es eee ee 4 |........}| 3 blended lines 

£7... | 3189. 301 .318 |+.017 I ° OH (known) 

18. Te 2 a Ee |e 3 cn ai 

IQ.. | 3202. 266 .258 |—.008 1 |—-1 OH (known) 

20. | 3209.421 .435 |+.014 I |-I OH (known); blend 

21*. | 3217.078 .O7I |—.007 3 2 OH-77; blend 

22... | 3225.122 .123 |+.001 2 |-3 OH; blend 

23.. | 3233.668 .670 |+.002 I |-1 Oh (known); blend 

3 | 323: 
24.....| SOAR ADO, |is0. sick wilisvare, ae Cie tae ree 
25 | 39S4-996 |-- +--+ .Je esses —5 
| ee — — a 

Q; (17) | 3186. 387 .384 |— .003 ° ° OH-Co (known) 

18.....| 3192.717 .725 |+.008 | —2 |-—2 OH (known) 

ct: | 3199.485 Pars | MOREE ee 3 |---ss:-. 

20.....| 3206. 763 .764 |+.001 3 oNd ? | OH (known) 

21*....| 3214.480 .495 |+.015 4 |-2 OH; blend 

S2 was | 3292.925 .730 |-++.005 4 |-—2N OH-7i 

33.. SORE BEO Vieiendce cs forsia's sais a ne 

24.. | 3240. 700 .709 |-+.009 4 I CH 

AS fc oo er a | (eee Pa eee 

Sere (a 2 2M eee Oe a ae See eke. x, 3.5 63s 

| 
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the largest difference permitted, and J the average interval between 
adjacent lines of the OH spectrum. For the present case we have 
x=0.020 A, /=1.4 A, and N=830. From these figures it is found 
that on a basis of chance 23 coincidences should be observed whereas 
50 coincidences were actually found. 


t Astrophysical Journal, 69, 196, 1929. 
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NOTE ADDED IN PROOF: All intensities in column headed 7(OH) are nega- 
tive. Those in column J (Sun) are positive or negative as indicated. 
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NOTES ON Be STARS! 
By OTTO STRUVE 
ABSTRACT 

A double bright line at 78 has been found in the spectra of —5°1710 Monocerotis 
(H.D. 47054) and 48 Librae (H.D. 142983). In 28 w Canis Majoris the bright hydrogen 
lines were found to be variable, and in a Columbae bright H8 was suspected of vary- 
ing 1n intensity. 

B.D.—5°1710 Monocerotis (HD. 47054); a 6"31™7, 6— 5°83" (1900); 
mag. 5.5; sp. Bg.—This star has very diffuse lines of helium and 
magnesium \ 4481. Two of our spectrograms show a fairly strong 
double-emission line at HB. P. W. Merrill? has recently found bright 
Ha in the spectrum of this star. He states that H8, Hy, and Hé are 
visible only in absorption on his plates. He assigns this star to class 
B8ea. The variation in the relative intensities of the violet and the 
red components is probably not real. Apparently the violet compo- 
nent is slightly stronger than the red one. 


YERKES SPECTROGRAMS OF 
—5°1710 MON. 





| 


Date G.M.T. | Description of HB 





Double emission at 
HB clearly visible 
(V=R); Hy, Hs— 


1917 Oct. 15 he. 6s 





| pa 
Nov. 2 20 54.....| Same 
Nov. 9 20 41... | E vent VK) pres- 
en ) 
Nov. 23 19 39.....] V= 
Dec. 10 18 54.. i SR 





48 Librae (H.D. 142983); a 15"52™6, 6—13°59' (1900); mag. 4.7; 
sp. B3p (Harvard).—The hydrogen lines have narrow and deep ab- 
sorption cores, similar to those of 39 e Capricorni, 31 o Aquarii,’ etc. 


t Several additional notes were published in secs. iii and iv of the paper by Struve 
and Swings, Astrophysical Journal, 75, 174, 1932. 
2 Ibid., 76, 156, 1932. 3 Ibid., 75, 175, 176, 1932. 
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Several Yerkes spectrograms show that the narrow absorption core 
of HG has bright borders. Merrill’ finds that Ha is a strong double 
emission line, but the other members of the Balmer series are dark 
on his plates. He assigns this star to class Azsea. Our plates show 


YERKES SPECTROGRAMS OF 48 LIBRAE 
a 
Date GM.T. | Description 











1904 June 10 r5"o4™......... Emission borders at HB; 
Fe 11 4549 _ suspected; 
| HedX4472 broad and 
| faint 
June 18 16 23.. | Very good plate; no trace 
| of Fer 
| Feit 4549, 4583 suspected 
| Emission borders at HB 
clearly visible; Fe 11 4549 
suspected 
Apr. 5 20 26..........| He4472 very broad and 
| diffuse; Fe 1 uncertain 


1915 Mar. 29 21 46.. 
Mar. 30 22 54.. 





YERKES SPECTROGRAMS OF a COLUMBAE 





Date G.M.T. Description 





c 


Bright HB broad, single, 
fairly strong 

Bright H8 a little weaker 

Poor plate; HB weak 

Bright HB weak 

Bright HB weak 

Bright HB stronger 


1905 Feb. 6 15"09™........ 


Dec. 15 18 02.. 
Dec: 25 17 26... 
1906 Jan. 26 14 58.. 
Feb. 12 14 46.. 
1907 Feb. 16 13 49.. 








an extremely diffuse and faint absorption line of helium at \ 4472. 
There is only a vague suspicion of narrow absorption lines of Fe 11 
at AX 4549 and 4583. In view of Merrill’s classification it appears 
certain that 48 Librae has variable narrow absorption lines of Fe 1 
and broad hazy lines of He. The star is thus similar in character to 
39 € Capricorni and 31 o Aquarii. 

a Columbae (H.D. 37795); a 5°36™0, 5—34°8' (1900); mag. 2.8; 
sp. B5p.—The bright line at HB seems to be variable in intensity. 


t Loc. cit.; Astrophysical Journal, 74, Pl. VIII, 1931. 
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28 w Canis Majoris (H.D. 56139); a 7*10™8, 6—26°36’ (1900); 
mag. 3.8; sp. B3p.—The bright line at H is variable in intensity. 


YERKES SPECTROGRAMS OF 28 w CAN. MAJ. 








Date G.M.T. (U.T.) Description of Bright H Lines 





1903 Dec. 1 20°20™........ Strong 

TOOA JON. 21S SS. ..55654.% Strong 

FOG HED. 20: Id SI. 6k Very strong 

L067 HOD. 26 Td 86 5.05 ce ess Very strong 
Nov. A Very strong 

1908 Dec. ES §2.. Very strong 

1925 Dec. 8:02... Very strong 

1931 Apr. OC ae Rather weak 
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